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1 .  INTRODUCTIONS.
( i j  O p t i c a l  R o t a t o r y  D i s p e r s i o n .
The r o t a t i o n  o f  t h e  p l a n e  o f  p o l a r i s a t i o n  o f  a  beam 
o f  l i g h t  by  a  q u a r t z  p l a t e  ( c u t  p e r p e n d i c u l a r  t o  t h e  a x i s )  
was d i s c o v e r e d  by  Arago (1 )  i n  18 1 1 . B i o t  showed t h a t  t h e  
a n g le  o f  r o t a t i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  t h i c k n e s s  
o f  t h e  p l a t e  and  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  
t h e  w a v e le n g th  o f  t h e  l i g h t .  B io t  ( 2 )  a l s o  d e m o n s t r a te d  
'’O p t i c a l  A c t i v i t y "  i n  o r g a n i c  l i q u i d s  and  s o l u t i o n s  and  he 
i n t r o d u c e d  t h e  t e r m  " p o u v o i r  r o t a t o i r e  m o l e c u l a i r e "  now 
c a l l e d  " S p e c i f i c  R o t a t i o n "  w h ich  he showed t o  be a f f e c t e d  
by  t e m p e r a t u r e ,  s o l v e n t ,  and  c o n c e n t r a t i o n .
F r e s n e l  ( 3 ) showed t h a t  when a  beam o f  m o n o ch ro m atic  
p l a n e  p o l a r i s e d  l i g h t  e n t e r s  a t r a n s p a r e n t  o p t i c a l l y  a c t i v e  
medium i t  i s  r e s o l v e d  i n t o  tw o c i r c u l a r l y  p o l a r i s e d  beams 
(o n e  r i g h t  h an d ed  and  t h e  o t h e r  l e f t  h a n d ed )  w h ich  t r a v e l  
w i t h  d i f f e r e n t  s p e e d s .  On e m e rg in g  f ro m  t h e  medium t h e y  
re c o m b in e  t o  g iv e  a  beam o f  p l a n e  p o l a r i s e d  l i g h t  w i th  i t s  
p l a n e  o f  p o l a r i s a t i o n  r o t a t e d  t h r o u g h  an a n g le  e q u a l  t o  
h a l f  t h e  p h a s e  d i f f e r e n c e  d e v e lo p e d  b e tw e e n  t h e  two 
c i r c u l a r  co m p o n en ts ,
= x (n i - \ )
w h ere  1  i s  t h e  l e n g t h  o f  medium ( i n  c m s . ) t h r o u g h  w h ich  t h e  
l i g h t  p a s s e s  and  n ^ ,  n r  a r e  t h e  r e f r a c t i v e  i n d i c e s  o f  t h e
medium f o r  l e f t  h anded  and r i g h t  han ded  c i r c u l a r l y  
p o l a r i s e d  l i g h t .
C o t to n  (4 )  showed t h a t  i n  c e r t a i n  c o lo u r e d  o p t i c a l l y  
a c t i v e  s o l u t i o n s  u n e q u a l  a b s o r p t i o n  o f  th e  two c i r c u l a r l y  
p o l a r i s e d  beams o c c u r s .  He c a l l e d  t h e  phenomenon 
" C i r c u l a r  D ic h ro is m " .
C o t to n  made a  d e t a i l e d  s tu d y  of F e h l i n g ’s s o l u t i o n  
and s o l u t i o n s  o f  p o t a s s iu m  chromium t a r t r a t e  and fo u n d  t h a t  
t h e s e  s o l u t i o n s  show "Anomalous R o t a t o r y  D i s p e r s i o n " ,  t h a t  
i s  t h e y  do n o t  obey B i o t ’s i n v e r s e  s q u a re  law , and , i n  th e  
r e g i o n  o f  a b s o r p t i o n  t h e s e  s o l u t i o n s  e x h i b i t  c i r c u l a r  
d ic h r o i s m .
s p e c i f i c  r o t a t i o n  i n c r e a s e s  a t  f i r s t ,  r e a c h e s  a  maximum
The f i g u r e  shows t h e  ty p e
o f  r e s u l t s  o b ta in e d  i n  t h e
n e ig h b o u rh o o d  o f  an  a b s o r p t i o n
band ( £ ma.ya t  ) .
The c i r c u l a r  d ic h r o i s m
r o t a t i o n s
c u rv e  h a s  much th e  same shape  
a s  t h e  a b s o r p t i o n  c u rv e  w i th  
a  maximum a t
c i r c u l a r  d ic h r o i s m
A pproach ing  t h e  band from  l o n g e r  w a v e le n g th s  th e
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n e a r  X Q, d ro p s  t o  z e ro  a t  X Q, f a l l s  t o  a minimum on th e
s h o r t  wave s i d e  o f  \  and t h e n  i n c r e a s e s  a g a i n .  T h is
“C o t to n  E f f e c t “ i s  q u i t e  g e n e r a l  f o r  o p t i c a l l y  a c t i v e
s u b s ta n c e s  i n  t h e  r e g i o n  of “O p t i c a l l y  A c t i v e ” a b s o r p t i o n
bands* The s i g n  o f  t h e  C i r c u l a r  d ic h r o i s m  (£ 3- ^ )
same a s  t h e  s i g n  o f  th e  r o t a t i o n  on t h e  l o n g  wave s i d e  o f
t h e  a b s o r p t i o n  band  ( N a tan so n * s  r u l e ) ,
Drude ( 5 ) deduced  e q u a t io n s  f o r  c i r c u l a r  d ic h r o i s m
and r o t a t o r y  d i s p e r s i o n  i n  t h e  r e g i o n  o f  a b s o r p t i o n
a ssu m in g  t h a t  t h e  e l e c t r o n s  i n  t h e  o p t i c a l l y  a c t i v e  medium
move i n  h e l i c a l  p a t h s  u n d e r  t h e  i n f l u e n c e  o f  t h e  f i e l d s
p ro d u c e d  by l i g h t  waves.
H is  e q u a t io n s  can  be g iv e n  a s : -
E JE ss 4 IT L og^e x  X
( a n
n i - n r  =  P  A  ( r -  0
( r - i i r v n e
where I) i s  a  c o n s t a n t  t h e  w a v e le n g th  of th e  head  o f  th e  
a b s o r p t i o n  band a n d f"  a damping f a c t o r  r e l a t e d  t o  t h e  h a l f  
w id th  o f  th e  band .
U sing  t h e s e  e q u a t io n s  N a tan so n  o b ta in e d  good a g re e ­
m ent be tw een  th e  o b se rv e d  and c a l c u l a t e d  d a t a  f o r  s o l u t i o n s  
o f  p o ta s s iu m  chromium t a r t r a t e .
Uhen r o t a t i o n  m easurem ents  a t  w a v e le n g th s  w e l l
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rem oved f ro m  an a b s o r p t i o n  band  a r e  c o n s i d e r e d ,  D ru d e fs 
e q u a t io n  may be s i m p l i f i e d  t o
where k i s  a c o n s t a n t  and \ Q a  w a v e le n g th ,  u s u a l l y  i n  t h e  
u l t r a - v i o l e t  r e g i o n .  I n  many c a s e s  one t e r m  i s  s u f f i c i e n t  
t o  e x p r e s s  th e  r o t a t o r y  d i s p e r s i o n  and even q u i t e  
c o m p l ic a te d  c u rv e s  can o f t e n  be r e p r e s e n t e d  by  two t e r m s .
a sy m m e tr ic  c a rb o n  atom, t h e  r o t a t o r y  power d epended  on t h e  
p o l a r i s a b i l i t y  o f  t h e  f o u r  g ro u p s  s u r r o u n d in g  t h e  c e n t r a l  
c a rb o n  atom . U sing  o b se rv e d  s p e c i f i c  r e f r a c t i v i t i e s  he 
was a b le  t o  c a l c u l a t e  t h e  o r d e r  o f  m ag n itude  o f  t h e  
r o t a t i o n s  o f  a  few  s im p le  m o le c u le s ,  su c h  as s e c o n d a ry  b u t y l  
a l c o h o l .  He a l s o  c la im e d  t o  have  e s t a b l i s h e d  t h e  a b s o l u t e  
c o n f i g u r a t i o n s  o f  a few  s im p le  m o le c u le s .  A c co rd in g  t o  
Boys when a d e x t r o  m o le c u le  i s  v iew ed , w i th  th e  l a r g e s t  
g ro up  n e a r e s t  t o  t h e  o b s e rv e r  t h e  o th e r  g ro u p s  a r e  o b se rv e d  
t o  d e c r e a s e  i n  s i z e  i n  a  c lo c k w ise  d i r e c t i o n .
o p t i c a l l y  a c t i v e  m o le c u le  of a t  l e a s t  f o u r  n o n - p l a n a r  
i s o t r o p i c  co u p led  o s c i l l a t o r s .
In  K uhn 's  t h e o r y  ( 8 ) two non p a r a l l e l  a n i s o t r o p i c  
o s c i l l a t o r s  a re  assum ed t o  be p r e s e n t  i n  t h e  o p t i c a l l y
Boys ( 6 ) assum ed t h a t ,  i n  s im p le  m o le c u le s  w i th  one
B o r n 's  T heory  (7 )  assum es t h e  e x i s t e n c e  i n  an
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a c t i v e  m o le c u le .  Kuhn u s e s  f r e q u e n c i e s  t h r o u g h o u t ,  and 
d e v e lo p s  an e x p r e s s i o n  ( s i m i l a r  t o  t h a t  o f  D rude) i n v o l v i n g  
t h e  o s c i l l a t o r  s t r e n g t h  o f  th e  band  and t h e  a n i s o t r o p y
C _«■_ »
f a c t o r  i n  t h e  c o n s t a n t  D, By u s i n g  t h e  e m p i r i c a l
e q u a t i o n : -  2 .
/  v  }
*
i n  t h e  e x p r e s s io n  f o r  t h e  o s c i l l a t o r  s t r e n g t h  Kuhn f i n a l l y  
a r r i v e s  a t  t h e  e q u a t io n .   ^ v;^ v
r  /  V ' ~ v  ^ f ~£7T~ 1
2L u  c  r £ - c~ r '■ I J c ' ^ -----------------fi____
L J x f t  V  J ,/ 0 L J e  dX Z(Vo-V) j
£  i s  t h e  h a l f - w i d t h  o f  th e  band d iv id e d  by 1 .6 6 5 1 .
I n  t h e  more modern t h e o r i e s  w hich  have been  d e v e lo p e d  i n  
A m erica  ( 9 ) ,  t h e  c o u p l in g  o f  two or more o s c i l l a t o r s  i s  
c o n s i d e r e d  u n n e c e s s a r y  f o r  t h e  deve lop m en t o f  o p t i c a l  
a c t i v i t y ,  s in c e  t h i s  can a r i s e  f rom  th e  m o tio n  o f  one 
e l e c t r o n  i n  t h e  u n s y m m e tr ic a l  f i e l d s  p r e s e n t  i n  an 
a sy m m etr ic  m o le c u le .  The a b s o r p t i o n  by a  m o le c u le  i n  th e  
v i s i b l e  and u l t r a  v i o l e t  r e g i o n s  o f  th e  sp e c t ru m  i s  due t o  
e l e c t r o n i c  t r a n s i t i o n s .  Most m o le c u la r  s p e c t r a  can be 
a c c o u n te d  f o r  on th e  b a s i s  o f one e l e c t r o n  t r a n s i t i o n s  i n  
th e  chromo^ioric g ro u p s .  F i r s t  o f  a l l  i t  i s  n e c e s s a r y  t o  
a s s i g n  d e f i n i t e  e l e c t r o n i c  s t a t e s  t o  t h e  ch rom ophoric  g roup  
and d e f i n i t e  t r a n s i t i o n s  t o  each  a b s o r p t i o n  band . The 
p e r t u r b a t i o n  of t h e s e  s t a t e s  by n e ig h b o u r in g  atom s and
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g ro u p s  th e n  l e a d s  t o  a l t e r e d  s t a t e s  w h ich  g iv e  t r a n s i t i o n s  
w hich  a re  o p t i c a l l y  a c t i v e  p ro v id e d  t h e  sy s te m  a s  a  whole 
h a s  no p l a n e  o r  c e n t r e  o f  sym m etry.
The one e l e c t r o n  t h e o r y  g i v e s  an  e x p l a n a t i o n  o f  t h e  
" in d u ce d  o p t i c a l  a c t i v i t y "  shown, f o r  ex am p le , hy t h e  
c a rb o n y l  g ro u p  o f  many o p t i c a l l y  a c t i v e  k e to n e s  s i n c e  any  
d i s p e r s i o n  e l e c t r o n  may be made o p t i c a l l y  a c t i v e  i f  
Coulombic e f f e c t s  t r a n s m i t t e d  th r o u g h  s p a c e  from  o t h e r  
a tom s i n  t h e  m o le c u le  p l a c e  i t  i n  a  d is s y m m e tr ic  f i e l d .
Kwoh and E y r in g  (1 0 )  have  r e c e n t l y  c a l c u l a t e d  v a l u e s  
f o r  t h e  r o t a t o r y  power o f  b e n z o in  u s i n g  t h e  one e l e c t r o n  
t h e o r y .  T h e i r  r e s u l t s  a r e  o f  t h e  same o r d e r  o f  m ag n itu d e  
a s  o b se rv e d  e x p e r i m e n t a l ly .
A g e n e r a l  quantum  m e c h a n ic a l  t h e o r y  o f  o p t i c a l  
a c t i v i t y  w hich  i n c l u d e s  t h e  one e l e c t r o n  t h e o r y ,  t h e  c o u p l­
i n g  t h e o r y ,  and a d d i t i o n a l  te rm s  i n v o l v i n g  t h e  p r o d u c t s  o f  
t h e  e l e c t r i c  moment o f  one g rou p  w i th  t h e  m a g n e tic  moment 
o f  a  d i f f e r e n t  g ro u p , was e v o lv e d  by Kirkwood ( 1 1 ) .  
K irk w o o d 's  t h e o r y  i s  e s s e n t i a l l y  a s i m p l i f i c a t i o n  o f  B o r a 's  
t h e o r y  e x p re s s e d  i n  quantum  m e c h a n ic a l  fo rm . In  t h e  
quantum  t h e o r y  o f  r o t a t o r y  power th e  m o le c u la r  r o t a t i o n ,  a t  
f r e q u e n c y  v , i s  g iv e n  by t h e  e x p r e s s i o n : -
Z B R l J N V *  ( + 2 )
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Por t h e  s p e c i f i c  r o t a t i o n  u s i n g  sod ium  l i g h t  t h i s  becom es:-.
& ] , -  4 - 96 x  105 - i r - «
By a s im p le  t r a n s f o r m a t i o n  o f  B o m 's  e x p r e s s io n  f o r  t h e  
g y r a t i o n  p a ra m e te r  ( g )  Kirkwood o b t a i n e d  th e  e x p r e s s i o n
g  = + g ^  + g k
where g ^ 0 ' i s  t h e  sum o ver  p a i r s  o f  g ro u p s  i n v o lv i n g  t h e  
m a g n e tic  moments o f  t h e  e l e c t r o n i c  c e n t r e s  o f 
g r a v i t y  o f  t h e s e  g ro u p s  r e l a t i v e  t o  th e  
m o le c u l a r  c e n t r e  o f  g r a v i t y  (K irk w o o d 's  te rm )
( 1 )g v ' i s  a s i m i l a r  sum i n v o l v i n g  t h e  m a g n e t ic  moments 
o f  each  g roup  r e l a t i v e  t o  i t s  own c e n t r e  o f  
g r a v i t y
and g^  i s  t h e  g y r a t i o n  p a ra m e te r  o f  g roup k r e l a t i v e  t o
i t s  own c e n t r e  o f  g r a v i t y  (C o n d o n 's  one e l e c t r o n
te rm )
I f  i t  i s  assum ed t h a t  t h e  p h a se  o f  t h e  i n c i d e n t
l i g h t  can be r e g a r d e d  a s  t h e  same th r o u g h o u t  e a c h
( i )
i n d i v i d u a l  g roup  t h e n  t h e  te rm s  g v 1 and g^  v a n i s h .  As a
f i r s t  a p p ro x im a t io n ,  i n  h i s  c a l c u l a t i o n s  Kirkwood p u t  g = g ^ 0  ^
and n e g l e c t e d  t h e  o t h e r  te rm s .
A l l  w o rk e rs  have n e g l e c t e d  g ^ ^  w hich  i s  a lw ay s
s m a l l ,  and i n  t h e  one e l e c t r o n  t h e o r y  t h e  te rm s  g.
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a r e  r e g a r d e d  as  im p o r t a n t  and g ^ 0  ^ h a s  been  n e g l e c t e d .
R e c e n t ly  Kuhn (1 2 )  has r e v ie w e d  t h e  quantum  m echani­
c a l  a p p ro a c h  t o  o p t i c a l  a c t i v i t y .  He c o n s i d e r s  t h a t  t h e  
t e r m  g ^ ° \  w hich  c o r r e s p o n d s  t o  h i s  c o u p l in g  t h e o r y ,  i s  t h e  
mo s t  imp o r t  a n t .
A lth o u g h  he a d m i ts  t h a t  t h e  one e l e c t r o n  t h e o r y  has  
made an  o u t s t a n d i n g  c o n t r i b u t i o n  t o  t h e  b a s i c  t h e o r y  o f  
o p t i c a l  a c t i v i t y ,  he s t a t e s  t h a t  t h e  c o n t r i b u t i o n  o f  t h e  
one e l e c t r o n  te rm s  a r e  o n ly  s i g n i f i c a n t  i n  e x c e p t i o n a l  
c a s e s  i n  co m parison  w i t h  t h e  c o u p l in g  t h e o r y  t e r m s .  He 
a l s o  p o i n t s  out t h a t  t h e  h ig h  v a lu e  o f  t h e  a n i s o t r o p y  
f a c t o r ,  w hich  i s  o b se rv e d  i n  many weak a b s o r p t i o n  b an d s ,  
had b e en  i n c o r r e c t l y  r e g a r d e d  a s  e v id e n c e  i n  f a v o u r  o f  t h e  
one e l e c t r o n  t h e o r y .  Kuhn w arns h i s  r e a d e r s  t h a t  a l th o u g h ,  
when u s i n g  t h e  one e l e c t r o n  t h e o r y ,  by c h o o s in g  s u i t a b l e  
p a r a m e te r s ,  i t  i s  p o s s i b l e  t o  o b t a i n  v a l u e s ,  f o r  th e  
s p e c i f i c  r o t a t i o n  o f  an  o p t i c a l l y  a c t i v e  s u b s ta n c e ,  w hich  
a re  o f  t h e  r i g h t  o r d e r ’ of m a g n itu d e ,  i t  i s  n o t  p e r m i s s i b l e  
t o  n e g l e c t  th e  c o u p l in g  te rm  when a s s i g n i n g  c o n f i g u r a t i o n s  
t o  t h e  two e n a n t io m o rp h s .  The q u e s t i o n  of a b s o l u t e  con­
f i g u r a t i o n s  i s  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .
I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  a l l  t h e  t h e o r i e s  o f 
o p t i c a l  a c t i v i t y ,  b o th  c l a s s i c a l  and quantum, g iv e  t e rm s  
f o r  t h e  r o t a t o r y  d i s p e r s i o n  w hich , i n  r e g i o n s  of t r a n s —
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p a re n c y ,  r e d u c e  t o  s im p le  Drude e q u a t i o n s .
I n  th e  l a s t  few  y e a r s ,  s i n c e  t h e  s p i r a l  s t r u c t u r e s  
o f  D.N.A. (1 3 )  and some p o l y p e p t i d e s  h a s  been  d i s c o v e r e d  
c o u p le d  o s c i l l a t o r  t h e o r i e s  h av e , once m ore, a r o u s e d  some 
i n t e r e s t .  Thus i t  h a s  been  shown t h a t  f o r  e v e ry  t r a n s i t i o n  
i n  i t s  i n d i v i d u a l  r e s i d u e s ,  a  h e l i x  h a s  two t r a n s i t i o n s  
whose moments a r e  r e s p e c t i v e l y  p a r a l l e l  and p e r p e n d i c u l a r  
t o  t h e  sc rew  a x i s .  A c c o rd in g ly  M o f f i t t  (1 4 )  s a y s ,  
" P o l y p e p t i d e s  and D.N.A, a r e  p e rh a p s  t h e  o n ly  f a m i l y  of 
m o le c u le s  t o  w hich  one may, i n  th e  l i g h t  o f  modern v a l e n c e  
t h e o r y ,  a p p ly  t h e  c o u p le d  o s c i l l a t o r  t h e o r y  w i th  r e a s o n a b l e  
c o n f i d e n c e " •
More r e c e n t l y  Murakami (1 4 )  h a s  a c c o u n te d  f o r  t h e  
o b se rv e d  r o t a t o r y  d i s p e r s i o n  o f  p r o t e i n s  and D.N.A, on t h e  
b a s i s  o f  K irkw ood’s (1 1 )  c o u p le d  o s c i l l a t o r  t h e o r y .  In  t h e  
c a se  o f  D.N.A. i t  was a l s o  n e c e s s a r y  t o  t a k e  a c c o u n t  of 
Condon’ s (15 ) one e l e c t r o n  e f f e c t .
U n f o r t u n a t e ly ,  w h i le  t h e  p ro b lem  of o p t i c a l  a c t i v i t y  
i s  s o lv e d  i n  a m a th e m a t ic a l  s e n s e ,  i t  i s  n o t  y e t  p o s s i b l e  
t o  compute o p t i c a l  r o t a t o r y  pow ers w i th  a c c u ra c y .
When i n  an  a sym m etr ic  m o l e c u l e , t h e  f o l lo w in g  
ch rom ophoric  g ro ups  have been  shown t o  e x h i b i t  t h e  C o tto n  
e f f e c t  —NO, -0N0, -N 0 2 , N^, —CSS- and >C0.
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Kuhn worked w i th  d im e th y lc C -a z id o p ro p io n a m id e  i n
h i s  c l a s s i c a l  r e s e a r c h e s  on a sy m m etr ic  p h o t o l y s i s .
Lowry i n v e s t i g a t e d  x a n t h a t e s  and  o t h e r  s u lp h u r  
compounds. D u r in g  th e  c o u r s e  o f  t h a t  work Lowry and 
Hudson (1 6 )  f i t t e d  t h e i r  e x p e r im e n ta l  d a t a  t o  K uhn 's  
e q u a t io n  w h ich  th e y  e x p re s s e d  on a  w a v e le n g th  s c a l e .  When 
c i r c u l a r  d i c h r a i s m  m easu rem en ts  a r e  n o t  a v a i l a b l e  t h e
r o t a t i o n  and m i s  t h e  maximum v a lu e  o f  t h e  e x p r e s s io n  i n  
th e  b ra c k e ts - .
These e q u a t io n s  have  b een  u s e d  i n  s e v e r a l  o f  
M i t c h e l l ' s  p a p e r s  on n i t r o s o  and n i t r o  compounds and t h e y  
p ro v id e  a u s e f u l  c o r r e l a t i o n  be tw een  a b s o r p t i o n  and 
c i r c u l a r  d ic h r o i s m  on th e  one hand and r o t a t o r y  d i s p e r s i o n  
on t h e  o t h e r .
R e c e n t l y  D j e r a s s i  ( 1 7 ) ,  who h a s  s t u d i e d  v e r y  many 
o p t i c a l l y  a c t i v e  compounds c o n t a i n i n g  t h e  c a rb o n y l  g ro u p , 
has  s u g g e s te d  a  c o n v e n ie n t  c l a s s i f i c a t i o n  o f  r o t a t o r y  
d i s p e r s i o n  c u rv e s  i n t o  t h r e e  ty p e s
1 .  P la n e  c u r v e s .  C urves w i th  no maximum o r  minimum, 
c a l l e d  p o s i t i v e  o r  n e g a t i v e  a c c o r d in g  a s  t h e y  r i s e  or
m o d if ie d  e q u a ‘
w  i  Le  J  e*'6x ■‘■Cx.+x.)
M  t h e  maximum v a lu e  o f  t h e  s p e c i f i ci s  u s e f u l
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f a l l  to w a rd s  s h o r t e r  w a v e le n g th s .
2. S in g l e  C o t to n  e f f e c t  c u r v e s .  C u rv es  w i th  one 
maximum and one minimum. These a r e  p o s i t i v e  o r  n e g a t i v e  
a c c o r d in g  a s  t h e  wave i s  e n t e r e d  from  t h e  p o s i t i v e  o r  t h e  
n e g a t i v e  s i d e  g o in g  to w a rd s  s h o r t e r  w a v e le n g th s .
D j e r a s s i  f a v o u r s  t h e  t e r m s  p e a k  and t r o u g h  r a t h e r  t h a n  
maximum and minimum w hich  can  he m i s l e a d i n g .
3 , M u l t ip l e  C o tto n  e f f e c t  c u r v e s .  C urves w i th  s e v e r a l  
p e ak s  and t r o u g h s .
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( i i )  R ecen t d e v e lo p m e n ts  i n  p o l a r i s a t i o n  a p p a r a t u s
A dvances have r e c e n t l y  been  made i n  t h e  p r a c t i c a l  
m easurem ent o f  r o t a t o r y  d i s p e r s i o n .  T hus, i n  a d d i t i o n ' t o  
h i s  c o n t r i b u t i o n s  t o  t h e  t h e o r y  o f  o p t i c a l  a c t i v i t y ,  Kuhn
(1 8 )  d e v i s e d  an u l t r a v i o l e t  p o l a r i m e t e r  w hich  was u s e d  i n  
c o n j u n c t i o n  w i th  a  q u a r t z  s p e c t r o g r a p h .
The ro ta to r /  d i s p e r s i o n  o f  many o r g a n ic  s u b s ta n c e s  
w h ich  a b s o rb  i n  t h e  u l t r a v i o l e t  h a s  b e en  d e te rm in e d  w i th  
m o d i f i c a t i o n s  o f  t h i s  a p p a r a t u s .  M i t c h e l l  and c o -w o rk e r s
(19 ) have s t u d i e d  2: 2 -d in i t r o c a m p h a n e ,  s a n to n id e ,  and 
p a r a s a n t o n id e  w hich  i n  c y c lo h ex a n e  h a s  t h e  h i g h e s t  s p e c i f i c  
r o t a t i o n  p e a k  o f  any  known s o l u t i o n .
The r o t a t o r y  d i s p e r s i o n  of q u a r t z  (2 0 )  and some 
o rg a n ic  s u b s ta n c e s  have b e en  m easu red  i n  t h e  i n f r a - r e d  
r e g i o n  o f  t h e  sp e c t ru m  b u t  i n t e r e s t  i n  t h i s  f i e l d  was 
l i m i t e d ,  a s  f o r  many y e a r s  m easu rem en ts  were d i f f i c u l t  and 
no exam ples o f  anom alous r o t a t o r y  d i s p e r s i o n  i n  t h e  in f ra r -  
r e d  r e g i o n  had b e en  o b se rv e d .  More r e c e n t l y ,  how ever, 
i n t e r e s t  h a s  been  a ro u s e d  by some w o rk e rs  i n  Am erica  and 
S w i t z e r l a n d .  Gutowsky ( 2 1 ) ,  u s i n g  a  P e rk in -E lm e r  model 
12B i n f r a - r e d  a u to m a t ic  r e c o r d i n g  s p e c t r o m e te r ,  i n  
c o n ju n c t i o n  w i th  two s e le n iu m  f i l m  i n f r a - r e d  p o l a r i z e r s ,  
h a s  m easu red  th e  r o t a t o r y  d i s p e r s i o n  o f  c * - q u a r t z  f rom  
2 . 2 -  9 . 7/1. He o b se rv e d  anom alous r e t a t o r y  d i s p e r s i o n  i n
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t h e  v i c i n i t y  o f  t h e  a b s o r p t i o n  band  a t  3*7^. H e d ig e r  and 
G-tlnthard (2 2 )  d e s c r i b e  i n f r a - r e d  p o l a r i z e r s  c o n s i s t i n g  of 
6 s e le n iu m  f o i l s  IOjj t h i c k  w h ich , t h e y  c la im ,  g iv e  94$ 
p o l a r i z a t i o n  by t r a n s m i s s i o n .  They have  s t u d i e d  t h e  
r e t a t i o n s  o f  m e th y l  e t h y l  c a r b i n o l  and  ( - ) - m e t h y l -  -m e th c x y  
p r o p i o n a t e  i n  some o f  t h e  a b s o r p t i o n  b a n d s ,  and c la im  t o  
have o b s e rv e d  anom alous r o t a t o r y  d i s p e r s i o n .
P h o t o e l e c t r i c  p o l a r i m e t e r s  a r e  now a l s o  b e in g  u se d .  
R udolph  (2 3 )  d e s c r i b e s  a p o l a r i m e t e r  w h ich  i s  a v a i l a b l e  
c o m m e rc ia l ly  i n  A m erica . Q u a r tz  Rochon p r ism s  a re  employed 
a s  p o l a r i s e r  and a n a l y s e r  and t h e  r o t a t i o n s  a r e  m easu red  
by t h e  m ethod of s y m m e tr ic a l  a n g le s ,  u s i n g  a  p h o t o m u l t i p l i e r .  
Brand and  c o -w o rk e r s  (2 4 )  have u s e d  a z i r c o n iu m  a r c  and 
a Beckmann m onochrom ator i n  c o n ju n c t i o n  w i th  t h e  R udolph  
p o l a r i m e t e r  i n  o rd e r  t o  m easure  t h e  r o t a t o r y  d i s p e r s i o n ,  
from  7500-2500$ , o f some s t e r o i d s ,  amino a c i d s  and p e p t i d e s .
M i t c h e l l  (25 )  d e s c r i b e s  an a t t a c h m e n t  w hich  can  be 
f i t t e d  t o  a Unicam s p e c t r o p h o to m e te r  i n  o r d e r  t o  e n a b le  
r o t a t i o n  and c i r c u l a r  d ic h r o i s m  m easu rem en ts  t o  be made.
W ith i t  t h e  r o t a t o r y  d i s p e r s i o n  o f  c a r y o p h y l le n e  n i t r o s i t e  
has  been  m easu red  up t o  1 0 ,0 0 0  $ and I  have m easu red  t h e  
c i r c u l a r  d ic h r o i s m  of s e v e r a l  c h lo ro n i t r o s o - c o m p o u n d s .
There i s  no r e a s o n  why, w i th  a s u i t a b l e  p h o t o m u l t i p l i e r  
M i t c h e l l ' s  a p p a r a tu s  sh o u ld  n o t  be u s e d  f o r  m easu rem en ts  i n  
t h e  u l t r a v i o l e t .
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( i i i )  The P rob lem  o f  A b s o lu te  C o n f i g u r a t i o n .
E very  o p t i c a l l y  a c t i v e  s u b s ta n c e  can  e x i s t  i n  two 
e n a n t io m o rp h ic  fo rm s  and f o r  many y e a r s  c h e m is t s  have  
w an ted  t o  know w hich  fo rm  r e p r e s e n t s  t h e  d e x t r o - a n d  w hich  
t h e  laev o -co m p o u n d .
E e l a t i v e  c o n f i g u r a t i o n s  have b een  known f o r  many 
y e a r s  and E i s h e r  (2 6 )  r e l a t e d  h i s  compounds t o
T here  a r e  two a p p ro a c h e s  t o  t h e  p ro b lem  o f  a b s o l u t e  
c o n f i g u r a t i o n .  The t h e o r y  of o p t i c a l  r o t a t o r y  power can  
be a p p l i e d  t o  a  g iv e n  s t r u c t u r e  and t h e  s ig n  o f  t h e  
c a l c u l a t e d  r o t a t i o n  im m e d ia te ly  e n a b le s  t h e  d e x t r o - o r  
l a e v o - l a b e l  t o  be a s s i g n e d  t o  t h e  g iv e n  s t r u c t u r e  o r  a 
compound o f  known s ig n  o f  r o t a t i o n  can  be t a k e n  and i t s  
s t r u c t u r e  d e te rm in e d .
HO
H
co2h
co2h D ( - ) - t a r t a r i c  a c i c  w hich  was r e p r e s e n t -  
H ed by c o n v e n t io n  a s  shown (a s su m in g
t h e  H and OH g ro u p s  above t h e  p la n e  
OH o f  t h e  p a p e r  and t h e  C02H g ro u p s
below )
A pp ly in g  t h e i r  t h e o r i e s  o f  o p t i c a l  a c t i v i t y  t o  t h e
HO C H
e n a n tio m o rp h  o f  s e c - b u t a n o l  shown 
v a r i o u s  w o rk e rs  a r r i v e d  a t  c o n f l i c t i n g  
r e s u l t s .
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B o y 's  and K irk w o o d 's  t h e o r i e s  a s s i g n e d  t h e  c o n f i g u r a t i o n  
shown t o  t h e  d e x t r o - f o r m  w h i le  K uhn 's  t h e o r y  a s s i g n e d  i t  
t o  t h e  l a e v o - f o r m ,  and t h e  one e l e c t r o n  t h e o r y  t o  e i t h e r  
fo rm  d e p e n d in g  on t h e  a s s u m p t io n s  made i n  t h e  c a l c u l a t i o n .
More r e c e n t l y  t h e  a b s o l u t e  c o n f i g u r a t i o n s  o f  th e  
t a r t a r i c  a c i d s  have been  i n v e s t i g a t e d  by B i jv o e t  (2 7 )  a t  
U t r e c h t .  He d e te rm in e d  t h e  s t r u c t u r e  o f  sodium  r u b id iu m  
t a r t r a t e  u s i n g  z i r c o n iu m  K<* r a d i a t i o n  w h ich  j u s t  e x c i t e s  
X r a d i a t i o n  from  t h e  r u b id iu m  atom and e n a b l e s  t h e  d e t e r ­
m in a t io n  o f  t h e  a b s o l u t e  c o n f i g u r a t i o n s  t o  be made. 
P o r t u n a t e l y ,  a s  i t  h a p p e n s ,  t h e  P i s c h e r  c o n v e n t io n  i s  
c o r r e c t .  T h is  means t h a t  t h e  m o le c u le  shown i s  1 - s e c -  
b u t a n o l  a s  Kuhn p r e d i c t e d .
I n  a s e r i e s  o f p a p e r s  D j e r a s s i  (2 8 )  h a s  r e c e n t l y  
t r i e d  t o  c o r r e l a t e  t h e  a b s o lu te ,  c o n f i g u r a t i o n  o f  some 
o p t i c a l l y  a c t i v e  k e to n e s  w i t h  t h e  s ig n  o f  t h e  C o tto n  
e f f e c t .
Much o f  h is '  work h as  b een  c o n c e rn e d  w i th  s t e r o i d s ,  
w hich  a r e  p a r t i c u l a r l y  s u i t e d  t o  t h i s  ty p e  o f  i n v e s t i g a t i o n  
s in c e  t h e y  c o n ta in  a c h a in  of se v e n  c o n t ig u o u s  a sy m m etr ic  
c a rb o n  a tom s, and, a s  any c a rb o n y l  g ro u p  i n  t h e  r i n g  
s t r u c t u r e  can n o t be more t h a n  one c a rb o n  atom rem oved from  
t h i s  c h a i n ,  i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  p o s i t i o n  o f  t h e  
c a r b o n y l  group  a f f e c t s  t h e  C o t ton  e f f e c t  o f  t h e  w hole
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m o le c u le .  He h a s  a l r e a d y  m e a su re d  th e  r o t a t o r y  d i s p e r s i o n  
o f  more th a n  600 s t e r o i d s  and shown how t h e  sh ap e  o f  
r o t a t o r y  d i s p e r s i o n  cu rv e  can  be r e l a t e d  t o  t h e  p o s i t i o n  
o f  t h e  c a r b o n y l  g ro u p  and t h e  c o n f i g u r a t i o n  o f  t h e  c a rb o n  
a tom s i n  t h e  c h a in .  Thus i n  3 - k e t o - s t e r o i d s  t h e  fo rm  o f 
t h e  r o t a t o r y  d i s p e r s i o n  c u rv e  p r o v i d e s  t h e  s i m p l e s t  m ethod 
o f  d e te r m in in g  t h e  c i s - o r  t r a n s - f u s i o n  o f  r i n g s  A and B.
D j e r a s s i  (2 9 )  t h e n  e x te n d e d  h i s  i n v e s t i g a t i o n s  t o  
s im p le r  k e to n e s .  F o r ,  "S ince  t h e  a b s o l u t e  c o n f i g u r a t i o n  
o f  s t e r o i d s ,  w i t h  r e s p e c t  t o  D~gjy c e r a ld e h y d e ,  i s  known 
and s i n c e  th e  d i s p e r s i o n  c u rv e s  o f  s t e r o i d a l  k e to n e s  a r e  
fo u n d  a g a in  i n  t h e i r  b i c y c l i c  a n a lo g u e s ,  i t  i s  c o n c lu d e d  
t h a t  i t  i s  p o s s i b l e  t o  e s t a b l i s h  t h e  a b s o l u t e  c o n f i g u r a t i o n  
o f  num erous s im p le  m o le c u le s  by co m paring  t h e i r  r o t a t o r y  
d i s p e r s i o n  c u rv e s  w i th  t h e  c u rv e s  o f  a p p r o p r i a t e  r e f e r e n c e  
s t  e r o i d s " .
F o r  exam ple i n  t h i s  way D j e r a s s i  c la im s  t o  have 
shown t h a t  t h e  c o n f i g u r a t i o n  a l l o t t e d  by IClyne (3 0 )  on th e  
b a s i s  o f  m o le c u la r  r o t a t i o n  d i f f e r e n c e s  f o r  t h e  sodium  D 
l i n e ,  t o  t h e  s e s q u i t e r p e r o i d  k e to n e  e re m q p h ilo n e  i s  
i n c o r r e c t .
D j e r a s s i  h a s  a l s o  s t u d i e d  th e  e f f e c t  o f  h a lo g e n a t i o n  
on k e to n e s .  E q u a t o r i a l  s u b s t i t u t i o n  of c h l o r i n e  o r  brom ine  
i n  t h e  ca rb o n  atom  n e x t  t o  t h e  c a r b o n y l  g rou p  d oes  n o t
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a p p e a r  t o  a f f e c t  t h e  s ig n  o f  t h e  C o t to n  e f f e c t  h u t  i n
O X
a x i a l  s u b s t i t u t i o n  t h e  - c - c - c h r o m o p h o r e  becom es dom inant
and c o n t r o l s  t h e  s i g n  o f  th e  C o t to n  e f f e c t .  A c co rd in g  t o  
D j e r a s s i  (3 1 )  i n  a  r i n g  k e to n e ,  l o o k in g  a lo n g  t h e  0=0
W hile t h e  d e t e r m i n a t i o n  o f  a b s o l u t e  c o n f i g u r a t i o n s  
f ro m  r o t a t o r y  d i s p e r s i o n  d a t a ,  o v e r  a  wide r a n g e  o f  wave­
l e n g t h s ,  a p p e a r s  t o  be more r e l i a b l e  t h a n  t h e  o l d e r  m etho ds , 
b a s e d  on d i f f e r e n c e s  o f  m o le c u la r  r o t a t i o n  a t  a  g iv e n  
w a v e le n g th ,  o n ly  t im e  w i l l  show w h e th e r  t o o  much c o n f id e n c e  
i s  b e in g  p l a c e d  on t h e  new er m ethod .
I t  does n o t  a p p e a r  t o  be  p o s s i b l e  t o  deduce  t h e  
c o n f i g u r a t i o n s  o f  s im p le  o p t i c a l l y  a c t i v e  a ld e h y d e s  from  
r o t a t o r y  d i s p e r s i o n  m easu rem en ts  s i n c e  Levene and R o th en  
(3 2 )  have shown t h a t  2-m ethy  1 - b u t a n o l  and 3—m e t h y l - p e n t a n o l ,  
o f  l i k e  c o n f i g u r a t i o n  have o p p o s i t e  C o tto n  e f f e c t s .
U n f o r t u n a t e ly  i n  my r e s e a r c h e s ,  on c h l o r o n i t r o s o -
t e r p e n e s ,  I  have  been  u n a b le  t o  r e l a t e  t h e  s i g n  o f  t h e
C o tto n  e f f e c t  t o  t h e  c o n f i g u r a t i o n  o f  t h e  g ro u p s  a b o u t
c a rb o n  atom 2, b u t  I  have t r i e d  t o  deduce t h e  c o n f i g u r a t i o n  
from  o th e r  c o n s i d e r a t i o n  su c h  a s  c o n f o r m a t io n a l  a n a l y s i s  
and l i a b i l i t y  t o  p h o to m u ta r o t a t i o n .
C l i e s  t o  t h e  r i g h t  ( i . e .  X) t h e n  t h e  
y  C o t to n  e f f e c t  w i l l  be p o s i t i v e  i f  t o
bond i n  t h e  d i r e c t i o n  o f  t h e  a r ro w , 
i f  t h e  a x i a l  c h l o r i n e  o r  b ro m ine  atom
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( i v )  Asym m etric  p h o t o l y s i s
Over s i x t y  y e a r s  ago V an’t  H off  (3 3 )  s u g g e s te d  t h a t  
c i r c u l a r l y  p o l a r i s e d  l i g h t  m ig h t  be em ployed a s  an  
a sym m etr ic  p h o to c h e m ic a l  a g e n t .
E a r l y  a t t e m p t s  t o  o b t a i n  a n  a sy m m e tr ic  p h o t o l y s i s  
were a l l  u n s u c c e s s f u l  b e c a u s e  i n s u f f i c i e n t  c a r e  was t a k e n  
t o  f u l f i l  a l l  t h e  r e q u i r e m e n t s .
Thus s i n c e  o n ly  a b s o rb e d  l i g h t  can b r i n g  a b o u t  
d e c o m p o s i t io n  asym m etr ic  p h o t o l y s i s  n e ed  n o t  be e x p e c te d  i f  
b o th  e n a n t io m o rp h s  a b s o rb  l i g h t ,  of t h e  w a v e le n g th s  w hich  
b r i n g  a b o u t  d e c o m p o s i t io n ,  t o  t h e  same e x t e n t .
A f t e r  C o t to n  had  d e m o n s t r a te d  t h e  c i r c u l a r  d ic h r o i s m  
o f  s o l u t i o n s  o f  c o p p e r  d - t a r t r a t e  he en d ea v o u re d  t o  b r i n g  
abou t t h e  asy m m etr ic  p h o t o l y s i s  o f an  a l k a l i n e  s o l u t i o n  o f  
cop per  r a c e m a te  by e x p o s in g  two g l a s s  c e l l s ,  c o n t a i n i n g  th e  
s o l u t i o n , t o  r i g h t  handed  and l e f t  handed  c i r c u l a r l y  
p o l a r i s e d  l i g h t  r e s p e c t i v e l y  ( 3 4 ) .  N e i th e r  o f  th e  
s o l u t i o n s  d e v e lo p e d  r o t a t i o n .
The f a i l u r e  o f  C o t to n ’s e x p e r im e n t  was r e a d i l y  
u n d e r s to o d  a f t e r  M i t c h e l l  (3 5 )  had shown t h a t  E e h l i n g ' s  
s o l u t i o n  does n o t  e x h i b i t  c i r c u l a r  d ic h r o i s m  i n  t h e  n e a r  
u l t r a - v i o l e t  r e g i o n  o f  t h e  sp e c t ru m  w hich  Byk ( 3 6 ) had 
shown t o  be r e s p o n s i b l e  f o r  t h e  d e c o m p o s i t io n .
I n  o rd e r  t o  a c h ie v e  a  s u c c e s s f u l  a sy m m etr ic
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p h o t o l y s i s  i t  i s  n e c e s s a r y  t o  u s e  t h e  ra c e m ic  fo rm  o f  an  
o p t i c a l l y  a c t i v e  s u b s ta n c e  w h ic h s -
1 )  i s  decomposed by  l i g h t  o f  s u i t a b l e  w a v e le n g th s  w i th  t h e  
d e s t r u c t i o n  o f  an  a sy m m etr ic  c e n t r e  ( y ^  \ ) .
2) e x h i b i t s  c i r c u l a r  d i c h r o i s m  a t  t h e  w a v e le n g th s  w hich  
may b r i n g  a b o u t  t h e  d e c o m p o s i t io n .
3) i s  s t a b l e  i n  t h e  d a rk .
I t  i s  c o n v e n ie n t  t o  u s e  a  s o l i d  w hich  i s  r e a d i l y  
r e c o v e r e d  i n  a  p u re  c o n d i t i o n  f ro m  t h e  p a r t i a l l y  p h o to ly s e d  
m ix t u r e .
F o r  a compound f u l f i l l i n g  t h e s e  c o n d i t i o n s  Kuhn 
(3 7 )  h a s  deduced  t h e  r e l a t i o n s h i p : -
C^ 1 = 0 ( |  ( 1 - p )  Log ^
w here  (x  = r o t a t i o n  d e v e lo p e d  by  s o l u t i o n  c o n t a i n i n g  t h e  
<11- m i x t u r e .
CX= r o t a t i o n  f o r  s o l u t i o n  o f  p u re  d-compound
( c o n c .  e q u a l  t o  t h a t  o f  d l m ix tu r e  a t  s t a r t )
c - c
g = a n i s o t r o p y  f a c t o r  = - -hr 
j i  =c f r a c t i o n  of m a t e r i a l  decomposed 
The maximum r o t a t i o n  i s  d e v e lo p e d  i n  a  s o l u t i o n  
w hich  h a s  been  a b o u t  60?o decom posed 
(«$go». = 0 .1 8 3 )
Kuhn (3 7 )  and h i s  c o -w o rk e rs  o b t a in e d  two p o s i t i v e  
r e s u l t s .
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Gn e x p o su re  o f  a l c o h o l i c  s o l u t i o n s  o f  e t h y l  
- b ro m o p ro p io n a te  t o  c i r c u l a r l y  p o l a r i s e d  U.V. l i g h t  
(A = 2800 2) u n t i l  5Cyfo o f  t h e  e s t e r  was decom posed and 
r e c o v e r y  o f  t h e  r e s i d u a l  e s t e r  r o t a t i o n s  o f  up  t o  0 ,0 5 °
(1 dm t u b e )  were o b t a i n e d .
More c o n c lu s iv e  r e s u l t s  w ere o b t a i n e d  on e x p o s u re  
o f  h ex an e  s o l u t i o n s  o f  t h e  re c e m ic  fo rm  o f  t h e  d im e th y la m id e  
o f o C - a z id o p ro p io n ic  a c i d  t o  c i r c u l a r l y  p o l a r i s e d  l i g h t  
(3200  -  2800 2). A f t e r  ab o u t 40$ d e c o m p o s i t io n  t h e  
d im e th y la m id e  was r e c o v e r e d  from  t h e  c e l l s .  T hat f ro m  th e  
c e l l  w hich  had  been  i r r a d i a t e d  w i th  r i g h t  handed  c i r c u l a r l y  
p o l a r i s e d  l i g h t  showed a r o t a t i o n  o f  + 0 .7 8 °  (1  dmvHg 
y e l lo w  l i g h t )  and f o r  t h a t  w hich  had b e en  i r r a d i a t e d  w i th  
l e f t  handed  c i r c u l a r l y  p o l a r i s e d  l i g h t  t h e  r o t a t i o n  
- 1 . 0 4 °  was fo u n d .
S u b s t i t u t i n g  t h e  v a lu e s  oL,~ 340° , g = 0 .0 2 4 ,  and 
j3= 0 .4  i n  K uhn 's  e q u a t io n  = 1 .2 5 °  so  t h e  o b s e rv e d  
r o t a t i o n s  a r e  o f  t h e  same o rd e r  a s  t h e  e x p e c te d  r o t a t i o n s .
M i t c h e l l ' s  a sy m m etr ic  p h o t o l y s i s  o f  hum ulene 
n i t r o s i t e  i s  d e s c r i b e d  i n  th e  f o l l o w i n g  s e c t i o n  d e a l i n g  w i th  
w i th  0 - n i t r o s o  compounds.
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(v )  N i t r o s o  Compounds and t h e  C o t to n  E f f e c t
Compounds c o n t a i n i n g  a  n i t r o s o  g ro u p  d i r e c t l y  
a t t a c h e d  t o  c a rb o n  a r e  s u i t a b l e  f o r  p h o to c h e m ic a l  s t u d i e s  
s i n c e ,  e x c e p t  when t h e y  fo rm  d im e r s ,  t h e y  a r e  a l l  c o lo u r e d  
b lu e  and g iv e  b lu e  s o l u t i o n s  w h ich  decompose when expo sed  
t o  l i g h t  o f  s u i t a b l e  w a v e le n g th s .  The maximum a b s o r p t i o n  
f o r  v i s i b l e  l i g h t  o c c u rs  b e tw een  6800 and 6200 2 and t h u s  
i n  many c a s e s  i t  i s  p o s s i b l e  t o  m easure  r o t a t i o n s  on b o th  
s i d e s  o f  t h e  a b s o r p t i o n  band u s i n g  a  v i s u a l  p o l a r i m e t e r .
Many o f  t h e s e  n i t r o s o  compounds have been  s t u d i e d  
by  D r, M i t c h e l l  and  h i s  c o -w o rk e r s  a t  Glasgow d u r in g  t h e  
l a s t  t h r e e  d e c a d e s .
The e a r l i e s t  compounds t o  be s t u d i e d  were t h e  
n i t r o s i t e s  o f  c a r y o p h y l le n e  and humulene ( 3 8 ) w hich  a r e  
r e a d i l y  o b ta in e d  from  th e  h y d ro c a rb o n s  by  t r e a t i n g  them  
w i th  n i t r o u s  a c i d .  The f i r s t  a sym m etr ic  d e c o m p o s i t io n  
p ro d u ced  by v i s i b l e  l i g h t  was t h e  p h o t o l y s i s  o f  a  s o l u t i o n  
o f  hum ulene n i t r o s i t e  i n  e t h y l  b u t y r a t e  b u t  u n f o r t u n a t e l y  
t h e  p r o d u c t s  have n o t  b e en  i s o l a t e d  and, as hum ulene c a n n o t  
be o b t a in e d  i n  an  o p t i c a l l y  a c t i v e  s t a t e ,  t h e  r o t a t i o n  w hich  
sh o u ld  be d e v e lo p e d  on i r r a d i a t i o n  w i th  c i r c u l a r l y  
p o l a r i s e d  l i g h t  can n o t  be c a l c u l a t e d .  I f  ra c e m ic  
c a ry o p h y l le n e  c o u ld  be p r e p a r e d ,  i t s  n i t r o s i t e  would be a  
s u i t a b l e  s u b s ta n c e  f o r  asym m etr ic  p h o t o l y s i s .
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I n t e r e s t  i n g  r e s u l t s  were o b t a i n e d  by M i t c h e l l  and 
Cormack (3 9 )  who s t u d i e d  t h e  n i t r o s i t e s  o f  b o rn y le n e ,  
p h e l l a n d r e n e  and z i n g i b e r i n e .  B o rn y le n e  n i t r o s i t e  i s  a  
w h i te  c r y s t a l l i n e  s o l i d  w h ich  d i s s o l v e s  i n  o rg a n ic  
s o l v e n t s  a t  room t e m p e r a t u r e  t o  g iv e  c o l o u r l e s s  s o l u t i o n s .  
At 14°  a  1 .6 $  s o l u t i o n  shows a  s l i g h t  i r r e g u l a r i t y  i n  i t s  
r o t a t o r y  d i s p e r s i o n  b u t  when t h e  s o l u t i o n  i s  warmed a b lu e  
c o lo u r  d e v e lo p s  a s  t h e  d im e r ic  m o le c u le s  d i s s o c i a t e  and a t  
63°  a d e f i n i t e  p e ak  and t r o u g h  i n  t h e  r o t a t o r y  d i s p e r s i o n  
cu rv e  i s  s e e n .
The p s e u d o - n i t r o l s  a r e  r e a d i l y  p r e p a r e d  by a d d in g  
fum ing  n i t r i c  a c i d  t o  a c e t i c  a c i d  s o l u t i o n s  o f  k e to x im e s  
and M i t c h e l l  and Gordon (4 0 )  s t u d i e d  them  as  i t  was 
th o u g h t  t h a t  t h e y  m ig h t be s u i t a b l e  f o r  a sy m m e tr ic  work 
s in c e  t h e  NO g roup  i s  r e a d i l y  o x id i s e d  t o  NO^ i n  t h e  
p r e s e n c e  o f  l i g h t .
U n f o r t u n a t e ly ,  how ever, o x i d a t i o n  can o c c u r  even i n  
t h e  d a rk  and work on t h e s e  compounds was abandoned .
A t t e n t i o n  was t h e n  d i r e c t e d  t o  some o b s e r v a t i o n s  o f 
Lynn (4 1 )  who fo un d  t h a t  when a s o l u t i o n  o f  n i t r o s y l  
c h lo r i d e  i n  n - h e p ta n e  was exposed  t o  s u n l i g h t  a  t r a n s i e n t  
b lu e  c o lo u r  d e v e lo p e d ,  hyd ro gen  c h l o r i d e  was e v o lv e d ,  
and an o i l .  s e p a r a t e d .  L a t e r  t h e  o i l  was shown t o  c o n t a i n  
d i - n - p r o p y l  k e to x im e . I t  was c o n c lu d e d  t h a t  th e  b lu e
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c o lo u r  was due t o  th e  f o r m a t io n  o f  s e c o n d a ry  n i t r o s o
p a r a f f i n s  w hich  i n  p r e s e n c e  o f  l i g h t  i s o m e r i s e d  t o  t h e
c o r r e s p o n d in g  k e to x im e s  t h u s s -  
-HC1
C7H16 + K0C1  -------- » C7H15NO ( r e d  l i g h t )  : NOH ( o i l )
( b l u e )
T h is  r e a c t i o n  a p p e a re d  t o  be p r o m is in g  f o r  
asym m etr ic  p h o to c h e m ic a l  work s i n c e  i f  n -h e x a n e  were u s e d  
i n s t e a d  o f  n - h e p t a n e  s e c o n d a ry  n i t r o s o p a r a f f i n s  w i th  
asym m etr ic  c a rb o n  atom s would be o b ta in e d  and t h e  
a sy m m etr ic  c e n t r e  would be d e s t r o y e d  on p h o t o i s o m e r i s a t i o n .  
A c c o rd in g ly  M i t c h e l l  and C arson  (42 )  s t u d i e d  t h e  a c t i o n  o f  
s u n l i g h t  on a s o l u t i o n  o f  n i t r o s y l  c h l o r i d e  i n  n - h e x a n e .  
They showed t h a t  t h e  b lu e  compounds were fo rm ed  by th e  
a c t i o n  o f  l i g h t  a t  t h e  b lu e  end o f  t h e  sp e c t ru m  and 
decomposed by  r e d  l i g h t .  By i r r a d i a t i n g  t h e  s o l u t i o n  
th r o u g h  a  f i l t e r  o f  co p p er  s u l p h a t e  s o l u t i o n  and f r a c t i o n a l  
d i s t i l l a t i o n  o f  t h e  b lu e  s o l u t i o n  fo rm ed , t h e y  o b ta in e d  
a  b lu e  l i q u i d ,  bp = 3 9 -42°  / I 3 m .m . , w hich  was shown t o  
c o n s i s t  m a in ly  o f  a  m ix tu re  o f  p  j3 — and f  y  —c h l o r o n i t r o s o -  
h e x a n e s .  i t  was shown t h a t  i f  t h e  b lu e  compounds were 
d i s s o l v e d  i n  a l c o h o l  and ex posed  t o  r e d  l i g h t  p h o t o l y s i s  
t o o k  p l a c e  w i t h  t h e  f o r m a t io n  o f  oxim es and t h e  s o l u t i o n  
rem a in e d  homogeneous.
I t  had p r e v i o u s l y  b e e n  shown by R e in b o ld t  and
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Dewald (4 3 )  t h a t  c h l o r o n i t r o s o  compounds were c o n v e r te d  
by t h e  a c t i o n  o f  l i g h t  and  a i r  i n t o  t h e  c o r r e s p o n d in g  
c h l o r o n i t r o  compounds h u t  t h e y  d id  n o t  t r y  p h o t o l y s i s  i n  
t h e  a b se n c e  o f  oxygen.
R e in b o ld t  and h ew ald  p r e p a r e d  t h e i r  c h l o r o n i t r o s o  
compounds by t h e  a c t i o n  o f  n i t r o s y l  c h l o r i d e  on e t h e r i a l  
s o l u t i o n s  o f  t h e  c o r r e s p o n d in g  k e to x im e s .
E a r l i e r  P i l o t y  (4 4 )  had p r e p a r e d  b ro m o n i t ro s o  and 
c h l o r i n i t r o s o  compounds from  aq ueous  or h y d r o c h l o r i c  a c i d  
s o l u t i o n s  o r  s u s p e n s io n s  o f  t h e  k e to x im e  and f r e e  b rom ine  
or c h l o r i n e .  M i t c h e l l  and c o -w o rk e rs  (4 5 )  fo und  t h a t  t h e  
c h l o r i n e  t r e a t m e n t  c o u ld  c o n v e n i e n t l y  be c a r r i e d  o u t  u s i n g  
e th e r e a l .  s o l u t i o n s  o f  t h e  ke tox im e
, ^
HE C NOH RH C C + HC1
2 ^ c a
T h is  i s  t h e  method of p r e p a r a t i o n  w hich  has u s u a l l y  
been  employed a t  t h e  Glasgow Schoo l
Hamick and L i s t e r  (4 6 )  d id  some p h o to c h e m ic a l  
e x p e r im e n ts  on c h l o r o n i t r o s o  compounds and a t t e m p te d  t o  
m easure  t h e  quantum  y i e l d s  o f  t h e  p h o t o ly s e s .
U n f o r t u n a t e ly ,  how ever, t h e y  d id  n o t  t a k e  s u f f i c i e n t  
c a r e  t o  e x c lu d e  oxygen from  t h e i r  s o l u t i o n s  and so  t h e i r  
r e s u l t s  were somewhat u n c e r t a i n .  They d id  n o t  i n v e s t i g a t e  
t h e  p h o t o l y s i s  p r o d u c t s  b u t  i t  i s  i n t e r e s t i n g  t o  n o te  t h a t
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t h e y  b e l i e v e d  t h a t  th e  p r im a ry  r e a c t i o n  was an  e l i m i n a t i o n  
o f  t h e  r a d i c a l  NOH and t h e y  d e t e c t e d  v e r y  l i t t l e  hy d ro g en  
c h l o r i d e .
D r. M i t c h e l l  and h i s  c o -w o rk e r s  (4 5 )  on t h e  o t h e r  
hand fo un d  t h a t  a t  l e a s t  a b o u t  9 O/o o f  t h e  c h l o r i n e  i n  t h e i r  
c h l o r o n i t r o s o  compounds was l i b e r a t e d  i n  t h e  i o n i c  fo rm  
d u r in g  p h o t o l y s i s .
More r e c e n t l y  N a is m ith  (47 )  has  shown t h a t ,  i n  t h e  
c a s e  o f  /3 - c h l o r o -  p - n i t r o s o -  y  y - d i m e t h y l b u t a n e  b o th  
r e a c t i o n s  t a k e  p l a c e .  In  b e n zen e  or c a rb o n  t e t r a c h l o r i d e  
Hammick1s scheme h o ld s  good and t h e  p r i n c i p a l  p r o d u c t s  
a r e  t e t r a m e t h y l e t h y l e n e  d i c h l o r i d e  and a gummy p o ly m er .
In  much o f  Hammick's work b e n ze n e  was u s e d  a s  s o l v e n t .
In  a l c o h o l  o r  m e th a n o l  t e r t i a r y b u t y l  k e to x im e ,  h y d r o c h l o r i c  
a c i d ,  and a c e ta ld e h y d e  o r  fo rm a ld e h y d e  a r e  t h e  m ain 
p r o d u c t s  a l t h o u g h  Hammick's r e a c t i o n  a l s o  o c c u r s  t o  some 
e x t e n t .
I n  most o f  t h e  p h o to c h e m ic a l  work o f  t h e  Glasgow 
S ch o o l a l c o h o l  o r  m eth an o l  h a s  b een  u s e d  a s  s o l v e n t  a s  i t  
i s  a d v a n ta g e o u s  t o  h a n d le  a  homogeneous r e a c t i o n  m ix tu re  
and  t o  a v o id  t h e  a d d i t i o n a l  e x p e r im e n ta l  c o m p l ic a t io n s -  
a s s o c i a t e d  w i th  t h e  e v o l u t i o n  o f  g a se o u s  r e a c t i o n  p r o d u c t s .
By 1940 i t  was known t h a t  a l c o h o l i c  s o l u t i o n s  o f  
many o f  t h e s e  c h l o r o n i t r o s o  compounds are p h o to ly s e d  by
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r e d  l i g h t  w i t h  a  quantum  y i e l d  o f  a b o u t  u n i t y .  I t  was 
hoped  t h a t ,  s i n c e  m ost o f  t h e  c h l o r o n i t r o s o  compounds a r e  
a sy m m e tr ic ,  i t  m ig h t be p o s s i b l e  t o  b r i n g  a b o u t  an  
a sy m m etr ic  p h o t o l y s i s  u s i n g  c i r c u l a r l y  p o l a r i s e d  l i g h t  
b u t ,  a s  no c h l o r o n i t r o s o  compounds had been  p r e p a r e d  i n  
o p t i c a l l y  a c t i v e  form s, i t  was n o t  p o s s i b l e  t o  m easu re  t h e  
c i r c u l a r  d ic h r o i s m  of a c h l o r o n i t r o s o  compound and p r e d i c t  
t h e  m agn itud e  o f  t h e  r o t a t i o n s  w hich  m igh t be  e x p e c te d  t o  
d e v e lo p  on i r r a d i a t i o n  o f  a  s o l u t i o n  w i th  r ig h i r  o r l e f t -  
handed  c i r c u l a r y  p o l a r i s e d  l i g h t .  I n  1940 M i t c h e l l  and 
Simpson (48 )  p r e p a r e d  J .-m en thy l d - p - c h l o r o - g —n i t r o s o -  
b u t y r a t e  and m easu red  i t s  r o t a t o r y  d i s p e r s i o n ,  
a b s o r p t i o n ,  and c i r c u l a r  d ic h r o i s m .  The s p e c i f i c  r o t a t i o n  
r i s e s  t o  a peak  o f  + 485° a t  6600 X and r e a c h e s  a t r o u g h  
o f  - 1 1 5 °  a t  5660 X, The a b s o r p t i o n  r e a c h e s  a  maximum 
( £  = 1 7 ,2 0 )  a t  6350 2 ,  and t h e  c i r c u l a r  d ic h r o i s m  ( . £ |~ £ r ) 
r e a c h e s  a maximum of 0 .6 5 0  a t  t h e  same w a v e le n g th .  T h is  
g iv e s  an  a n i s o t r o p y  f a c t o r  o f  4$ .  The s u b s ta n c e  i s
i n t e r e s t i n g  s i n c e  when t h e  p a r t i a l  r / t a t i o n s  due t o  t h e/
NO g ro u p , c a l c u l a t e d  from  Hudson*s e q u a t io n ,  a r e  sub­
t r a c t e d  from  t h e  o b se rv e d  r o t a t i o n  t h e  r e m a in in g  c u rv e  
g iv e s  t h e  n o rm al r o t a t o r y  d i s p e r s i o n  o f  th e  r e s t  o f  th e  
m o le c u le .
M i t c h e l l  and Dawson (49 ) i r r a d i a t e d  s o l u t i o n s  o f
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p - c h i o r o - p - n i t r o s o - d , 6 - d i p h e n y l b u t a n e  i n  m e th a n o l  w i th  
r i g h t  and  l e f t  handed  c i r c u l a r y  p o l a r i s e d  l i g h t  u n t i l  90$
o f  t h e  s t a r t i n g  m a t e r i a l  had been  p h o t o ly s e d  t h e  r o t a t i o n s
z20 o «d e v e lo p e d  were ‘M. = - 0 .1 0  and + 0 .1 1
5300
r e s p e c t i v e l y  ( 1 = 1 ,  C = 4$) i n  m e th a n o l .  T h is
r -j 20
c o r r e s p o n d s  -3300  -  - 2 . 5 0  and + 2 .7 5  .
S i m i l a r  r e s u l t s  w ere  o b ta in e d  by N a is m ith  (4 7 )  
w o rk in g  w i t h g - c h l o r o -  @ - n i t r o s o -  y  y  -  d im et h y lb u t  an e and 
- c h l o r o -  p  - n i t r o s o - n - h e x a n e .  He a l s o  su c c e e d e d  i n  
r e s o l v i n g  y - c h i o r 0-  y - n i t r o s o -  £> - p h e n y l v a l e r i c  a c i d  by 
r e c r y s t a l l i z a t i o n ,  o f  i t s  ( + ) - d - (  2-h y d ro x y -  1- n a p h t h y l )  
b e n zy lam in e  s a l t  from  e t h y l  a c e t a t e .
The r o t a t i o n  r e a c h e s  a p e ak  of + 372° a t  5900 2 
and a t r o u g h  o f  -  394° a t  6800 2. The maximum v a lu e  o f  
t h e  a n i s o t r o p y  f a c t o r  i s  2 . 3$ , a d i s a p p o i n t i n g l y  low  v a l u e .  
Two c o u r s e s  o f  a c t i o n  w ere c o n s id e r e d ? -
1 )  The i n t r o d u c t i o n  of a n i t r o s o  g rou p  i n t o  an 
o p t i c a l l y  a c t i v e  se c o n d a ry  c h lo r o  compound.
2) The p r o d u c t i o n  o f  an  o p t i c a l l y  a c t i v e  b lu e  compound 
by c h l o r i n a t i o n  o f  t h e  oxime o f  an  o p t i c a l l y  a c t i v e  k e to n e .
The f i r s t  c o u rs e  was t r i e d  by W atson (5 0 )  b u t  l a t e r  
abandoned  s i n c e ,  a l th o u g h  i n  some c a s e s  i t  was p o s s i b l e  
t o  i n t r o d u c e  a  n i t r o s o  g roup  i n t o  t h e  m o le c u le  by
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i r r a d i a t i n g  a  m ix tu r e  o f  t h e  s e c o n d a ry  c h l o r i d e  and 
n i t r o s y l  c h l o r i d e  w i th  b lu e  l i g h t , t h e  r e a c t i o n  was 
c o m p l ic a te d  by a d d i t i o n a l  s u b s t i t u t i o n  o f  c h l o r i n e  atom s 
i n t o  t h e  m o le c u le  and i t  was fou nd  t o  be im p o s s ib le  t o  
o b t a i n  a c t i v e  m a t e r i a l  by t h i s  m ethod.
The seco n d  a p p ro a c h  p ro v ed  more f r u i t f u l  a l t h o u g h ,  
a s  i t  n e c e s s a r i l y  i n t r o d u c e s  a t  l e a s t  one a d d i t i o n a l  
a sym m etr ic  c e n t r e  i n t o  t h e  m o le cu le s ,  i t  d oes  s a c r i f i c e  
s i m p l i c i t y .
As s e v e r a l  n i t r o s o  t e r p e n e  d e r i v a t i v e s  had been  
shown t o  have h ig h  a n i s o t r o p y  f a c t o r s  a t e r p e n i o  k e to n e  
was c o n s id e r e d  s u i t a b l e  and camphor was s e l e c t e d  s i n c e  
i t  i s  ch eap  and r e a d i l y  o b ta in e d  b o th  i n  a c t i v e  and 
i n a c t i v e  fo rm s .
( _ )~2~<Jhlo r o -n i t ro s o ~ c a m p h a n e , o b t a in e d  by 
c h l o r i n a t i o n  o f  an e t h e r i a l  s o l u t i o n  o f  camphor oxime o r  
camphoroxime h y d r o c h l o r i d e  and c h ro m a to g ra p h in g  t h e  
p ro d u c t  on a  column o f  L i g h t ' s  a lu m in a ,  s u r p a s s e d  a l l  
e x p e c t i o n s .  The r o t a t o r y  d i s p e r s i o n  c u rv e  shows a  p e ak  
fcO = + 964° a t  6000 2  and a  t r o u g h  -  964°  a t  7000 2,
t h e  m o le c u la r  e x t i n c t i o n  c o e f f i c i e n t  r e a c h e s  a  maximum 
v a lu e  of 1 3 .7  a t  6600 2 , and t h e  an iso fc rop y  f a c t o r  r e a c h e s  
t h e  re m a rk a b le  v a lu e  o f  15^ . h ig h e r  th a n  had  p r e v i o u s l y  
b e e n  fo u n d  f o r  any  o rg a n ic  s u b s ta n c e .
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( - ) -2 -c ^ h lo ro ~ 2 -n i t ro s o -c a m p h a n e  w ould  a p p e a r  t o  be 
t h e  b e s t  s u b s ta n c e  a v a i l a b l e  f o r  t h e  d e m o n s t r a t i o n  o f  t h e  
C o t to n  e f f e c t  a s  i t s  a b s o r p t i o n  band i s  so  c o n v e n i e n t l y  
s i t u a t e d  i n  th e  m id d le  o f  t h e  v i s i b l e  s p e c t ru m .
W hile ( - ) - 2 - c h l o r o - 2—n i t r o s o - c a m p h a n e  was b e in g  
s t u d i e d  a new phenomenon, p h o t o m u t a r o t a t i o n  was d i s c o v e r e d .  
When a s o l u t i o n  i s  i r r a d i a t e d  w i th  r e d  l i g h t  t h e  r o t a t o r y  
d i s p e r s i o n  cu rv e  i s  i n v e r t e d  and t h e  a b s o r p t i o n  i s  d i s ­
p l a c e d  a b o u t  60 2 to w a rd s  t h e  r e d ,  Prom t h e  p o i n t  o f  
v iew  o f  a sy m m e tr ic  p h o t o l y s i s  t h i s  i s  an u n f o r t u n a t e  
c o m p l ic a t io n  b u t  t h e  new phenomenon i s  o f  i n t e r e s t  f o r  
i t s  own sake  and has  b e en  t h e  s u b j e c t  o f  much o f  th e  
su b s e q u e n t  r e s e a r c h  on c h l o r o n i t r o s o  compounds.
Watson a l s o  p r e p a r e d  t h e  p y r i d i n e  s a l t  o f  
( + ) - 2 - c h lo r o - 2 - n i t r o s o - c a m p h a n © - 1 0 - s u lp h o n ic  a c i d ,  
2 - c h l o r o - 2 - n i t r o s o - i s o c y c l e n e ,  and a somewhat im pure 
sam ple of ( + ) - 2 - c h l o r o - 2 - n i t r o s o - f e n c h a n e  from
com m erc ia l fe n c h o n e .
V e i t c h  (5 1 )  s t u d i e d  some c h l o r o n i t r o s o '  camphor 
d e r i v a t i v e s  i n c l u d i n g  t h o s e  d e r iv e d  from  k e t o p i n i c  a c i d ,  
a p o c a m p h o r -1 -a c e t ic  a c i d ,  10-brom ocam phor, and  1 0 -  
b e n z y l  cam phor.
A l l  t h o s e  compounds show some p h o t o i s o m e r i s a t i o n  a s  w e l l  
a s  p h o t o l y s i s .
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M i t c h e l l  and Hope (5 2 )  s t u d i e d  t h e  c h l o r o n i t r o s o  
d e r i v a t i v e s  p r e p a r e d  f ro m  ( - ) -p in o ca m p h o n e , ( + ) - c a r o n e ,  
and (— ) -c a rv o m e n th o n e .  A l l  t h e s e  compounds u n d e rg o  
r e a r r a n g e m e n ts  a s  w e l l  a s  p h o t o l y s i s  and s k e l e t a l  
r e a r r a n g e m e n t s  w ere  p o s t u l a t e d  t o  a c c o u n t  f o r  t h e  o b se rv e d  
band s h i f t s  and changes  i n  r o t a t o r y  p ow er. D u r in g  t h i s  
work Hope d e v e lo p e d  two u s e f u l  m ethods o f  d i s t i n g u i s h i n g  
be tw een  p h o t o i s o m e r i s a t i o n  accom panied  by  p h o t o l y s i s  and 
s im p le  p h o t o l y s i s .  S in ce  b o th  m ethods depend o n ly  on 
a b s o r p t io n  m easu rem en ts  t h e y  can  b o th  be u s e d  even when 
o n ly  i n a c t i v e  m a t e r i a l  i s  a v a i l a b l e  f o r  s tu d y .  In  th e  
f i r s t  m ethod band  s h i f t s  a r e  c l e a r l y  shown by e x p o s in g  
th e  s o l u t i o n  t o  l i g h t  and m aking  a b s o r p t i o n  m easu rem en ts  
a t  i n t e r v a l s  and t h e n  s c a l i n g  t h e  c u rv e s  up t o  t h e  o r i g i n a l  
h e ig h t  i f  a band s h i f t  has  o c c u r r e d  a l l  th e  p o i n t s  on one 
s i d e  o f  t h e  s c a l e d  up cu rv e  w i l l  be h ig h e r  and on th e  o t h e r  
s id e  lo w er  th a n  a t  t h e  s t a r t  o f  t h e  e x p e r im e n t .  The second  
m ethod makes u s e  of t h e  o b s e r v a t i o n  t h a t  a  g ra p h  of b o g ^ f ?  
a g a i n s t  t im e  of i r r a d i a t i o n  i s  o n ly  l i n e a r  i f  s im p le  
p h o t o l y s i s  i s  t a k i n g  p l a c e .
T h a t ,  t h e n ,  i s  t h e  s t o r y  o f  t h e  r e s e a r c h e s  o f  t h e  
Glasgow School on n i t r o s o  compounds up u n t i l  1954 when I  
s t a r t e d  my s t u d i e s .
Some work on n i t r o s o  compounds has been  done, i n
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r e c e n t  y e a r s ,  by c h e m is ts  i n  o t h e r  S c h o o ls ,  a l t h o u g h  none 
o f  them  h as  been  i n t e r e s t e d  i n  e i t h e r  p h o t o m u t a r o t a t i o n  
o r  a sy m m etr ic  p h o to c h e m ic a l  a c t i o n .
Coe and Doumani (5 3 )  i n v e s t i g a t i n g  t h e  p h o t o l y s i s  
o f  t - l j r f c y l  n i t r i t e  by U.V. L ig h t  o b t a in e d  d im e r ic  
n i t r o s o m e th a n e  and a c e to n e .  C h i l t o n ,  G-owenlock and 
Trotm an (5 4 )  showed t h a t  d im e r ic  n i t r o s o m e th a n e  e x i s t s  i n  
two fo rm s t o  w h ich  t h e y  a s c r i b e  t h e  s t r u c t u r e s .
CEL .CH, CIL ^03 \  /  3 3 \
=  N '  and ‘N = N
0*^ ■’’o 0
T h is  i s  o f  i n t e r e s t  b e c a u s e  two o f  my compounds a r e  
d im e r ic  s o l i d s .
Banus (5 5 )  p r e p a r e d  t r i f l u o r o n i t r o s o m e t h a n e  by t h e  
a c t i o n  o f  U.V. l i g h t  on a  m ix tu r e  o f  m e th y l  i o d id e  and 
n i t r i c  ox id e  i n  t h e  p re s e n c e  o f  m erc u ry  t o  a b s o rb  i o d in e  
and a l s o  by t r e a t m e n t  o f  s i l v e r  t r i f l u o r o a c e t a t e  w i th  
n i t r o s y l  c h l o r i d e .
Lewis and  Kasha (5 6 )  b e l i e v e d  t h a t  t h e  a b s o r p t i o n  o f  
t h e  n i t r o s o  g ro u p  in v o lv e d  a  s i n g l e t - t r i p l e t  t r a n s i t i o n
b u t  more r e c e n t l y  O rge l  (5 7 )  c o n s i d e r s  i t  t o  be a  o' TT
s i n g l e t — s i n g l e t  t r a n s i t i o n .
L i i t tk e  (5 8 )  h a s  p u b l i s h e d  p a p e r s  g i v i n g  u s e f u l  I .R .  
a b s o r p t i o n  d a t a  f o r  some n i t r o s o  compounds.
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Most of t h e  p a p e r s  p u b l i s h e d  i n  r e c e n t  y e a r s  come 
from  MCLller's l a b o r a t o r i e s  (5 9 )  i n  T ttb ingen . Ml H e r  
d e s c r i b e d  t h e  f o r m a t io n  of some c h l o r o n i t r o s o  c y c lo a lk a n e s  
by t h e  a c t i o n  o f  n i t r o s y l  c h l o r i d e ,  or a m ix tu r e  of 
c h l o r i n e  and n i t r i c  o x id e ,  on t h e  c o r r e s p o n d in g  
c y c lo a lk a n e s  i n  U.V. l i g h t .  M i l l e r ,  who was m a in ly  
i n t e r e s t e d  i n  t h e  p r e p a r a t i o n  o f  t h e  c y c la n o n e  ox im es, t h e n  
d e s c r i b e d  t h e  r e d u c t i o n  o f  t h e  c h l o r o n i t r o s o  compounds by 
r e d  l i g h t ,  c a t a l y t i c  h y d r o g e n a t io n ,  and by a w hole  h o s t  of 
r e d u c i n g  a g e n t s  i n c l u d i n g  h y d r a z in e ,  h y d ro x y la m in e ,  l i t h i u m  
a lu m in iu m  h y d r id e ,  z in c  and h y d r o c h l o r i c  a c i d  and sodium  
b i s u l p h i t e .  I n  my work I  have had o c c a s io n  t o  u s e  b o th  
c a t a l y t i c  h y d r o g e n a t io n  and r e d u c t i o n  w i th  h y d r a z in e  
h y d r a t  e .
M Kller a l s o  d i s c o v e r e d  t h a t  b i s - n i t r o s o c y c l o a l k a n e s  
c o u ld  be o b ta in e d  i f ,  i n  t h e  above p h o to c h e m ic a l  p r e ­
p a r a t i o n ,  th e  s u p p ly  o f  c h l o r i n e  was l i m i t e d .  These 
s u b s ta n c e s  a r e  c o l o u r l e s s  s o l i d s .  On h e a t i n g  t h e y  m e l t  t o  
t h e  b lu e  monomer w h ich  r e a d i l y  i s o m e r i e e s  t o  th e  
c o r r e s p o n d in g  oxime.
B i s - n i t r o s o c y c l o a l k a n e s  can  a l s o  be p r e p a r e d  by 
b rom ine  w a te r  o x i d a t i o n  o f  U -c y c lo a lk y lh y d ro x y la m in e s  i n  
s o l u t i o n  i n  h y d r o c h l o r i c  a c i d  o r  by t h e  a c t i o n  o f  n i t r o s y l  
c h l o r i d e  on th e  G-rignard r e a g e n t  i n  d ry  e t h e r .
P e rh a p s  t h i s  l a t t e r  method c o u ld  be u s e d  t o  p r e p a r e  
2—bromo-2—n i t r o s o —camphane from  2s 2—dibrom o camphane.
OPTICAL and PHOTOCHEMICAL MEASUREMENTS.
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Scope o f  t h e  R e s e a r c h
The r e s e a r c h  had  two o b j e c t s ,  F i r s t  t o  e l u c i d a t e ,  
i f  p o s s i b l e ,  t h e  cause  and m echanism  o f  p h o t o m u t a r o t a t i o n ,  
a  phenomenon w h ich  had p r e v i o u s l y  b e en  o b s e rv e d  by W atson, 
V e i tc h ,  and Hope i n  some c h l o r o n i t r o s o  com pounds,and  
s e c o n d ly  t o  u se  t h e  i n f o r m a t i o n  o b ta in e d  t o  s u g g e s t  
s u i t a b l e  new compounds f o r  a sym m etr ic  p h o to c h e m ic a l  w ork .
Many o f  t h e  s u b s ta n c e s  s t u d i e d  by Hope c o u ld  u n d e rg o  
s k e l e t a l  r e a r r a n g e m e n ts  and m oreover w ere  m o s t ly  somewhat 
u n s t a b l e  l i q u i d s *  My r e s e a r c h e s  have b e en  m a in ly  on 
c h l o r o n i t r o s o  compounds i n  w h ich  th e  c a rb o n  s k e l e t o n  i s  
h e ld  r i g i d  by a  1 -4  b r i d g e .  L a t e r ,  work was done on some 
c y c lo p e n ta n e  d e r i v a t i v e s | and i t  was d i s c o v e r e d  t h a t  
p h o t o m u t a r o t a t i o n  can a l s o  o c c u r  i n  them .
I n  t h e  1 -4  b r id g e d  s e r i e s  of compounds I  have s t u d i ­
ed t h e  p h o t o m u t a r o t a t i o n  and p h o t o l y s i s  o f  ( - ) - 2 - c h l o r o -  
2 -n i t ro s o -c a m p h a n e  ( I ) ,  ( + ) - 2 - c h l o r o - 2 —n i t r o s o - 1 0 -  
bromocamphane ( I I )  and ( + ) - 2 - c h l o r o - 2 —n i t r o s o f e n c h a n e  
( I I I )  and I  have s t u d i e d  t h e  p h o t o l y s i s  o f 2 - c h lo r o —2- 
n i t r o s o - n o r c a m p h a n e  (IV ) w h ich  does n o t  u n derg o  
p h o t  omut a r  o t  a t  i  on .
A l l  t h e s e  b r id g e d  r i n g  compounds p h o to ly s e  t o  g iv e  
s i m i l a r  p r o d u c t s ,  t h e  k e to x im e , h y d r o c h l o r i c  a c i d ,  and 
a c e ta ld e h y d e .  When t h e  s o lv e n t  (j£tOH) i s  rem oved, u n d e r
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vacuum, fro m  t h e  c o l o u r l e s s  s o l u t i o n  of t h e  p h o t o l y s i s  
p r o d u c t s  t h e  oxime h y d r o c h lo r id e  i s  o b t a in e d  i n  th e  c a s e  of 
th e  c h l o r o n i t r o s o  compounds from  cam phor, f e n c h o n e ,  and 
no rcam pho r b u t  i n  t h e  c a s e  o f  10-brom ocam phor r e c r y s t a l l i z ­
a t i o n  of t h e  p ro d u c t  i s  n e c e s s a r y  and t h e  oxime i s  o b t a i n e d .
2 - c h i  o r o - 2 - n i t r  os o -n o r  camphane was a t  f i r s t  b e l i e v e d  
t o  p h o to ly s e  d i f f e r e n t l y  a s  t h e  quantum  y i e l d ( o . 33) i s  a b o u t  
t e n  t im e s  h ig h e r  t h a n  t h a t  o f  any  o f  th e  o t h e r  b r id g e d  r i n g  
compounds and a c e ta ld e h y d e  was n o t  d e t e c t e d .  I t  h a s ,  
how ever, s in c e  been  shown t h a t  n o r  camphor oxime h y d r o c h lo r id e  
r e a c t s  w i th  an a l c o h o l i c  s o l u t i o n  o f  a c e ta ld e h y d e  t o  y i e l d  
norcam phor, a c e ta ld o x im e  and h y d r o c h l o r i c  a c i d .  T h is  
e x p l a i n s  t h e  r e a d y  f o r m a t io n  o f  no rcam phor 2 ; 4 - d i n i t r o p h e n y l -  
h y d razo n e  when 2%4 - d i n i t r o p h e n y l h y d r a z i n e  i s  added  t o  th e  
p h o t o l y s i s  p r o d u c t s .  A c e ta ld e h y d e  can  be i s o l a t e d  as  i t s  
dimedone d e r i v a t i v e  im m e d ia te ly  a f t e r  t h e  p h o t o l y s i s  i s  
co m p le te d .
I n  th e  c y c lo p e n ta n e  s e r i e s  o f  c h l o r o n i t r o s o  compounds 
I  have s t u d i e d  l - c h l o r o - l - n i t r o s o ~ c y c l o p e n t a n e  and i t s  
2 -p h e n y l  and 3 -m e th y l  d e r i v a t i v e s .  These s u b s ta n c e s  
p h o to ly s e  d i f f e r e n t l y  from  t h e  1 -4  b r id g e d  r i n g  compounds 
a s  a c e ta ld e h y d e  c a n n o t  be d e t e c t e d  i n  t h e  p h o t o l y s i s  
p r o d u c t s  even when t h e  s o lv e n t  i s  t a k e n  o f f  u n d e r  vacuum 
im m e d ia te ly  a f t e r  t h e  p h o t o l y s i s  i s  co m p le ted .  A l l  th e
- 36-
c y c lo p e n ta n e  d e r i v a t i v e s  l i b e r a t e  t h e i r  e h l o r i n e  a s  i o n s ,  
and i n  t h e  c a s e  o f  t h e  3 -m e th y l  d e r i v a t i v e  t h e  quantum  y i e l d  
h a s  been m easu red  and fo u n d  t o  be 1 ,1 8 .  T h is  v a lu e  i s  
s i m i l a r  t o  t h a t  fo und  by Cameron (45 )  f o r  2 - c h i o r  0 -2 -  
n i t r o s o - b u t a n e  and i t  i s  p o s s i b l e  t h a t  th e  m echanism  of 
d e c o m p o s i t io n  i s  s i m i l a r .  2 - c h i  o r o - 2 - n i t r o s  o-
p h e n y lc y c lo p e n ta n e  was fo u n d  t o  p h o to m u ta r o t a t e  when a 
s o l u t i o n  i n  b en zen e  o r  a l c o h o l  i s  ex posed  t o  l i g h t ,  A 
hypsochrom ic  s h i f t  o f  50 % i s  r e a d i l y  o b s e rv e d  i n  th e  
a b s o r p t i o n  b a n d ,a n d  when Logf6 p i s  p l o t t e d  a g a i n s t  t im e  
o f  i r r a d i a t i o n  a cu rv e  i s  o b ta in e d  w hich  l a t e r  s i m p l i f i e s  
t o  a s t r a i g h t  l i n e .
The d e c o m p o s i t io n ,  by u l t r a v i o l e t  l i g h t ,  of a l c o h o l i c  
s o l u t i o n s  o f 2- c h i  o r  o -  2 - n i t  r o -  and 2 - b ro m o -2 -n i t ro ~  camphane 
has  a l s o  been  s t u d i e d .
In  eac h  c a se  th e  h a lo g e n  atom i s  l i b e r a t e d  a s  i o n  and 
camphoroxime and a c e ta ld e h y d e  a r e  p ro d u c e d .  The s i g n  o f  th e  
r o t a t i o n ,  i n  t h e  v i s i b l e ,  does n o t  chang e , and i n  th e  c a se  
o f  t h e  c h i  o r  o - n i t r o -  compound i t  h a s  b e en  shown t h a t  t h e  
g ra p h  o f  Log a g a i n s t  t im e  o f  i r r a d i a t i o n  i s  l i n e a r .
T h is  shows t h a t  p h o to m u ta r o t a t i o n  h a s  been  e l i m i n a t e d  
and o n ly  s im p le  p h o t o l y s i s  o c c u r s .
I t  i s  t h u s  p o s s i b l e  t o  s to p  p h o to m u ta r o t a t i o n  i n  two 
ways, e i t h e r  by rem oving  t h e  m e th y l  g ro u p s  i n  t h e  v i c i n i t y
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o f  t h e  -NO chrom ophore , o r  by o x i d i s i n g  th e  chrom ophore  t o  
-NOg. One p o s s i b l e  m ethod o f  s u p p r e s s i n g  p h o t o m u t a r o t a t i o n  
m igh t be t o  r e p l a c e  t h e  c h l o r i n e  a tom  i n  2 - c h l o r o - 2 -  
n i t ro s o c a m p h a n e  by a  l a r g e r  atom o r g ro u p  b u t  when an 
a t t e m p t  was made t o  p r e p a r e  2 -b ro m o -2 -n i t ro s o -c a m p h a n e  by 
th e  a c t i o n  o f  b rom ine  o r  N -b ro m o su cc in im id e  on camphoroxime 
i n  t h e  p r e s e n c e  of a  weak b a se  th e  b ro m o n itro so -eo m p o u n d  
c o u ld  n o t  be o b ta in e d  and b rom onitrocam phane  was fo rm ed .
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COMPOUNDS STUDIED 
I .  2 - c h lo r o - 2 - n i t r o s o c a & p h a n e
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E x p e r im e n ts  w i th  ( - ) - 2 - c h l  o r  o -» 2 -n i tro so -c a m p h a n e .
T h is  compound was e x t e n s i v e l y  s t u d i e d  hy M i t c h e l l ,  
W atson, and D unlop  (6 0 )  and by M i t c h e l l  and Hope ( 6 1 ) ,
D u r in g  t h e  c o u r s e  o f  my r e s e a r c h e s ,  how ever, p ro b lem s have 
a r i s e n  w hich  r e q u i r e d  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  p r o p e r t i e s  
o f  t h i s  s u b s t a n c e .  The quantum  y i e l d  o f  t h e  p h o to m u ta ro ta ­
t i o n  h as  b e en  d e te rm in e d  and e x p e r im e n ts  have been  made i n  
an a t t e m p t  t o  f i n d  a p o s s i b l e  m echanism  f o r  t h i s  p r o c e s s .
The p r o d u c t s  o f  t h e  p h o t o l y s i s  o f  th e  s u b s ta n c e  i n  
a l c o h o l i c  s o l u t i o n  have b een  exam ined and p r e v i o u s  f i n d i n g s  
c o n f irm e d .  I t  has  been  shown t h a t  g e m - c h lo r o n i t r o s o  
compounds a re  r e a d i l y  r e d u c e d  t o  t h e  c o r r e s p o n d in g  oximes 
by  h y d r o g e n a t io n  i n  a lc o h o l i c ,  s o l u t i o n  u s i n g  a Raney n i c k e l  
c a t a l y s t .
P r e p a r a t i o n  o f  ( - ) - 2 —c h i o r o - 2 - n i t r o so-cam phane .
Camphoroxime ( lO gm s.)  was d i s s o l v e d  i n  500 m is  d ry  
e t h e r ,  c h l o r i n e  was t h e n  l e d  i n  u n t i l  t h e  s o l u t i o n  was d a rk  
g r e e n  i n  c o lo u r ,  t h e  m ix tu re  was t h e n  l e f t  f o r  a  few m in u te s  
and t h e n  t h e  e x c e s s  c h l o r i n e  was rem oved i n  a  s t r e a m  o f d ry  
a i r .  The e t h e r  was th e n  e v a p o r a te d  o f f  i n  a d a rk en ed  
d ra u g h t  cu p b o ard ,  t h e  r e s i d u e  d i s s o l v e d  i n  low b o i l i n g  pe t, 
e t h e r  (bp < 4 - 0 ° ) ,  washed th o r o u g h ly  w i th  w a te r ,  and d r i e d  
over an h y d ro u s  sodium s u l p h a t e .  The b lu e  p e t , e t h e r  s o l u t i o n  
was th e n  p u r i f i e d  by p a s s i n g  i t  tw ic e  th r o u g h  a 5 ' x  l : r !'
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column o f  "H" a lu m in a .  F i n a l l y  th e  p e t.  e t h e r  was e v a p o r a te d  
o f f  i n  a  s t r e a m  o f  a i r  l e a v i n g  b l u e  c r y s t a l s  o f  th e  p u re  
p r o d u c t .
Y ie ld  1 .6  gms mp = 145°
D e te r m in a t io n  of t h e  m o le c u la r  w e ig h t  o f  ( -  ) - 2 -  c h i  o r  0 - 2 -  
n i t ro s o c a m p h a n e  i n  b e n z e n e .
N i t r o s o  compounds o f t e n  d im e r i s e  i n  t h e  s o l i d  s t a t e  
and a r e  som etim es a s s o c i a t e d  i n  s o l u t i o n .  I t  was f e l t  t h a t  
i t  was d e s i r a b l e  t o  d e te rm in e  t h e  m o le c u la r  w e ig h t  o f  ( - ) - 2 -  
c h lo r o - 2 - n i t r o s o c a m p h a n e  i n  benzene  f o r  co m p ar iso n  w i th  t h a t  
found  f o r  d im e r ic  c h l o r o n i t r o s o  compounds such  a s  t h o s e  
p r e p a r e d  from  no rcam phor and 2 - p h e n y lc y c lo p e n ta n o n e .  
A s s o c i a t i o n ,  i f  i t  had o c c u r re d ,  would have a f f e c t e d  th e  
r e l i a b i l i t y  of c o n c e n t r a t i o n s  c a l c u l a t e d  from  o p t i c a l  
d e n s i t y  m easu rem en ts .
20 m is .  o f b e n ze n e  (1 7 .5 8  gms) was p l a c e d  i n  th e  
u s u a l  Beckmann a p p a r a t u s  and i t s  f r e e z i n g  p o i n t  d e te rm in e d ,  
a  p e l l e t  o f ( - ) -2 ~ c h lo r o - 2 - n i t r o s o c a m p h a n e  (0 .1 4 3 7  gms) was 
t h e n  added and, a f t e r  i t  had d i s s o l v e d ,  t h e  f r e e z i n g  p o i n t  
of th e  s o l u t i o n  was d e te rm in e d  and th e  m o le c u la r  w e ig h t  
c a l c u l a t e d  from  t h e  f r e e z i n g  p o i n t  i n  t h e  u s u a l  m anner.
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F r e e z i n g  p o i n t  o f  “benzene = 0 .5 5 5 ° ,  0 .5 6 0 ° ,  0 .5 6 5 °
mean = 0 .5 6 0 °
F r e e z i n g  p o i n t  o f  s o l u t i o n  = 0 .7 7 5 ° ,  0 .7 7 0 ° ,  0 .7 7 0 °
mean = 0 .7 7 2 °
T h e re fo re  -&T- = 0 .7 7 2  — 0 .5 6 0 °
r
= 0 . 212°
1000 x 5 .1 0  x 0 .1437m = — i r:w x ' 0.212—
= 1 9 6 .5
Ci 0Hi 6N0C1 r e q u i r e s  M.W. = 201.7
T h e re fo re  ( - ) - 2 - c h lo r o - 2 - n i t r o s o c a m p h a n e  i s  monomeric i n  
b e n z e n e .
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O p t i c a l  M easurem ents
E f f e c t  o f  change  o f  s o l v e n t  on p h o t  omu.tr o t  a t  i o n
1 . A d d i t io n  of w a te r .
S o l u t i o n s  o f  ( - ) - 2 - c h l o r o - 2 - n i t  ro so -c am p h an e  w ere  
made up  i n  a b s o l u t e  a l c o h o l  and i n  an 80$ e t h a n o l - w a t e r -  
m ix tu r e .  A b s o rp t io n  m easu rem en ts  were made o f  t h e  o r i g i n a l  
s o l u t i o n s  and th e n  a g a in  a f t e r  45 m in s . ex p o su re  t o  t h e  
Hg/Cd a r c  lam p. R o t a t i o n s  were m easu red  a t  th e  s t a r t  o f  t h e  
e x p e r im e n t  and th e n  a t  15 m in u te  i n t e r v a l s .  As t h e  f i g u r e s  
below  show t h e  c o u rse  o f  t h e  p h o to m u ta r o t a t i o n  i s  n o t  
a f f e c t e d  by t h e  p r e s e n c e  o f  w a te r  i n  t h e  s o l v e n t .
8 4 .3  mg/5m ls EtOH i n  1cm c e l l .  8 4 .3  m g/5m ls 80^ EtOH-E^O 
i n  1 cm c e l l .
A £<j e*
6500 1 .0 7 8 1 . 0 0 0 1 .1 5 1 1 .0 3 5
6550 1 .1 7 8 1 .0 4 5 1 .1 9 4 1 .0 6 5
6600 1 .155 1 .0 7 9 1 .17 5 1 .0 8 4
6650 1 .1 0 4 1 .0 6 1 1 .1 1 1 1 .0 8 7
6700 1 .0 4 8 1 .0 2 5 1 .0 3 5 1 .0 2 7
6750 0 .9 7 0 0 .9 7 0 0 .9 7 0
At 6000 &cx0 = 1 .0 5 ° d  0 = 1 .0 5 °
^ 5 = 0 .1 0 ° o<15 = 0 .2 0 °
o<30 = -0 .3 8 °A ^ 3 0
= - 0 .2 8 °
^ 4 5 =~o. 50 ^ 4 5 = - 0 .5 5 °
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2. A d d i t io n  o f  c y c lo h e x e n e .
64.5mg ( - ) - 2- c h i  o r  o - 2- n i t r o  so -cam phane was d i s s o l v e d  
i n  m ix tu r e  o f  4mls EtOH and 1ml c y c lo h e x e n e .  I n  a  1cm
3 . I r r a d i a t i o n  i n  a l l y l  a l c o h o l .
85.921 g ( - ) - 2—c h l o r o - 2- n i t r o s o c a m p h a n e  made up  t o  
5m ls i n  a l l y l  a l c o h o l ,  p l a c e d  i n  1 cm c e l l ,  and i r r a d i a t e d  
w i th  Cd/Hg lam p.
P h o to m u ta r o t a t i o n  i s  u n a f f e c t e d .
E f f e c t  of low  te m p e r a tu r e
A 0 .8 5 $  s o l u t i o n  o f  ( - )-~2- c h l o r o - 2- n i t r o s o c a m p h a n e  i n  
EtOM was p la c e d  i n  a  s e a l e d  tu b e  and c o o le d  i n  an  u n s i l v e r e d  
Dewar f l a s k  c o n ta in i n g  l i q u i d  a i r  and exposed  t o  t h e  l i g h t  
f ro m  a Cd/Hg lamp.
O<0 = 1 .1 7 ° ,  <X15 = 0 .0 6 ° ,  °<45 = - 0 . 4 6 ° ,  C*g 0  = - 0 , 5 3 °
° W  - 0* 51°,0<27o =  - 0 . 440
A b s o rp t io n  m easu rem en ts  i n  1cm c e l l
A
6500
6550
6600
6650
6700
6750
£?°
1 .1 2 2
1 .1 5 5
1 .1 6 4
1 .1 1 5
1 .0 5 3
0 .9 8 0
1 .1 2 5
1 .1 5 5
1 .1 6 3
1.118
1 .0 5 3
0 .9 8 0
o t°
6000 1 .10°6000
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T hese r e s u l t s  show t h a t  no p h o t o m u t a r o t a t i o n  or 
p h o t o l y s i s  o c c u r r e d  a f t e r  4-Jr h o u rs  e x p o su re  t o  t h e  l i g h t  
from  t h e  Cd/Hg lamp.
I n  o r d e r  t o  show t h a t  t h e  c e s s a t i o n  o f  th e  
p h o t o r e a c t i o n s  i s  n o t  due t o  t h e  a b s o r p t i o n  o f  l i g h t  by t h e  
b l u i s h  l i q u i d  a i r ; th e  s o l u t i o n ,  i n  a 1cm c e l l ,  was p l a c e d  
b e h in d  t h e  Dewar f l a s k  and i r r a d i a t e d  by l i g h t  w hich  had  
p a s s e d  th r o u g h  i t .  R o t a t i o n s  were m easu red  a t  i n t e r v a l s  
and t h e  o p t i c a l  d e n s i t y  was d e te rm in e d  a f t e r  75 m inu tes ' 
i r r a d i a t i o n .
°<0 = 1 .1 0 °  c<15 = 0 .2 5 °  <*30 = - 0 . 1 3 °  ^ 7 5  = - 0 . 5 3 °
X e *
6500 1 .125 1 .0 1 4
6550 1 .1 5 5 1 .0 6 4
6600 1 .1 6 3 1 .0 9 7
6650 1 .1 1 8 1 .1 0 1
6700 1 .0 5 3 1 .047
6750 0 .9 8 0 0 .9 8 0
B oth  p h o to m u ta r o t a t i o n  and p h o t o l y s i s  have o c c u r r e d .
Above e x p e r im e n t  was r e p e a t e d  s u b s t i t u t i n g  a c e to n e  and 
d r i k o l d  f o r  t h e  l i q u i d  a i r .  A f t e r  2 h o u rs  i r r a d i a t i o n  t h e  
r o t a t i o n  had  f a l l e n  from  +. 1 .1 0 °  t o  — 0 .9 0 °  and ^ 6 0 0 0  from  
1 .1 6 4  t o  1 .0 2 7 .  O b v io u s ly  a t  - 7 0 - 8 0 °  p h o t o m u t a r o t a t i o n  and 
p h o t o l y s i s  s t i l l  t a k e  p l a c e .
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Phot o m u ta ro t  a t  i o n  o f  (~ 0 - 2 ~ c h lo ro ~ 2 -n l t ro s o c a m p h a n e  i n  th e  
s o l i d  s t a t e
Specim en u s e d  i n  e x p e r im e n t  had f o l l o w i n g  p r o p e r t i e s .  
62 .9 iag /10m ls i n  EtOH z e ro  = 0 .8 8 °  J[ = 1dm
feO
+723
X 0 o(
6000 5 .4 3 4 .5 5
7000 355 .59 - 5 . 2 7
i—
*
II H O 13 C = o. 03125
X e £
6400 0 .3 8 ? 1 2 .3 7
6450 0 .405 1 2 .9 5
6500 0 .415 1 3 .2 5
6550 0 .413 1 3 .2 0
6600 0.395 1 2 .6 0
About lOOmg o f  t h e  s o l i d  m a t e r i a l  was co m p ressed  i n t o  
a p e l l e t  and p l a c e d  b e tw een  two d i s c s  o f  c e l lo p h a n e  13nmi i n  
d ia m e te r .  The p e l l e t  and d i s c s  were p l a c e d  be tw een  two 
p o l a r i m e t e r  tu b e  end g l a s s e s  and sc rew ed  on t o  one o f  t h e  
end p i e c e s  o f a p o l a r i m e t e r  t u b e .  The p e l l e t  was t h e n  
i r r a d i a t e d  th r o u g h  t h e  10mm a p e r t u r e s  of t h e  end p i e c e  of 
t h e  t u b e  f o r  8 h o u rs  u s i n g  a Cd/Hg lam p. A f te r  t h i s  t im e  
th e  p e l l e t  was removed from  th e  t u b e .  The i r r a d i a t e d  
p o r t i o n  had  l o s t  some o f  i t s  t r a n s p a r e n c y  and u n d e rg o n e  some 
p h o t  ode c o m p o s i t io n  bu t t h e  o u te r  r im  w hich  had been  s h i e ld e d
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by th e  b r a s s  end sc rew  o f t h e  tu b e  was s t i l l  a s  t r a n s p a r e n t  
i n  a p p e a ra n c e  a s  i t  had b e en  a t  t h e  commencement o f t h e  
e x p e r im e n t .  26.1mg o f  m a t e r i a l  made up  t o  5mls i n  EtOH 
gave t h e  f o l lo w in g  r e s u l t s .
c = 0 .5 2 2 $ z e ro = 0 .8 8 °  i =  1dm c o r r e c t e d  C = 0.42456
0 *  CO
c o r r e c t e d
6000 3 5 9 .4 0 - 1 . 4 6  -2 7 8 -3 4 4
7000 2 .0 1 + 1 .1 9  +228 +281
1 = lem 0 = 0.0257M
X e £
6500 0. 267 1 0 . 38
6550 0 .277 1 0 .7 8
6600 0 .274 1 0 .6 5
6650 0 .264 1 0 .2 8
C o n c e n t r a t io n  c o r r e c t e d  f o r  p h o t o l y s i s  = — 5. x 100^
T h e re fo r e  d u r in g  i r r a d i a t i o n  -U .- J L .- .M .-.2§. x  l o c $  = 1 8 •
1 3 .2 7
o f  th e  o r i g i n a l  m a t e r i a l  underw en t p h o t o l y s i s .
O r i g i n a l l y  8 3 . 5$  o f  th e  b lu e  compound was i n  t h e  ( - )  fo rm  
F i n a l l y  9 •8 $  .
T h is  e x p e r im e n t  shows c o n c l u s i v e l y  t h a t  p h o to m u ta r o t a t i o n  
can  o c cu r  i n  t h e  s o l i d  s t a t e .
S im i la r  r e s u l t s  a r e  o b ta in e d  when th e  s o l i d  i s  
i r r a d i a t e d  i n  an e v a c u a te d  tu b e  b u t  u n d e r  t h e s e  c o n d i t i o n s  
p h o to m u ta r o t a t i o n  c o u ld  be t a k i n g  p l a c e  i n  t h e  v a p o u r  p h a se .
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Changes i n  C i r c u l a r  D ichr oism  d u r in g  p h o t o m u t a r o t a t i o n  of
S in c e  c i r c u l a r  d ic h r o i s m  can  now r e a d i l y  be m easured  
on th e  U n ican  SP 500 s p e c t r o p h o to m e te r  u s i n g  t h e  a t t a c h m e n t  
d e v is e d  by  Ur. M i t c h e l l  ( 2 5 ) ,  i t  was d e c id e d  t o  o b se rv e  th e  
changes i n  t h e  c i r c u l a r  d ic h ro i s m  o f  a s o l u t i o n  o f  ( - ) - 2 -  
c h l o r o - 2 - n i t r o s o —camphane d u r in g  t h e  c o u rs e  o f  i t s  
p h o t o m u t a r o t a t i o n .  A c c o rd in g ly  a 1 .2 8 6 $  a lc o h o l  s o l u t i o n  
o f  t h e  b l u e  compound was p r e p a re d  and m easu rem en ts  were made 
o f  i t s .  a b s o r p t i o n ,  c i r c u l a r  d ic h r o i s m ,  and r o t a t i o n  a t  
6000 2 . The s o l u t i o n  ( i n  a 1cm c e l l )  was exp osed  t o  t h e  
l i g h t  f ro m  a Cd/Hg a r c ,  and t h e  o p t i c a l  m easu rem en ts  
r e p e a t e d  a f t e r  30  m in u te s ,  100 m in u te s ,  and 300 m in u te s  
i r r a d i a t i o n .
S tu d ie s  o f  p h o t o m u ta r o t a t i o n  u s i n g  C i r c u l a r  U ic h ro is m
C0 =r 0 .0638  C30 = 0 .0 6 2 0  C100 = 0 .0 5 9 0  C300 = 0 .0513
e m = 0 .8 7 0  e m = 0.845 £>m = 0.805 = 0 .7 0 0
( - ) —2— o h lo ro -2 -n i t ro s o c a m p h .a n e
me a s u r  ement s
600CT ’6000 '6000'6000
'60006000'
A m = 6575 /i = 6600 m / l ^  = 6600
Time
A
7750
7600
7500
7400
7300
7250
7200
7100
7000
6900
6800
6700
6650
6600
6550
6500
6400
6300
6200
6100
6000
5900
5800
5700
5600
5400
5200
5000
Omins
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3Omins lOOmins 300mins
e , ~ e r
- 0.026  
- 0.138
- 0 .1 7 9
- 0 .4 8 7
- 0 .8 4 5
- 0 .8 9 3
— 0 .5 6 6  
- 0 ,4 2 7
- 0 .2 9 9  
- 0.158
- 0 .1 1 6
- 0 .0 6 1  
- 0 .0 5 5
6 - 6 r
0 .0 0 0
0.019
0.047
0.047
0.047
0 .0 4 0  
0 .0 0 0
- 0 . 0 5 0
- 0 .1 6 3
- 0 .1 6 3
- 0.063  
- 0 .021
- 0 .092  
- 0 .  071
- 0 .  063
0 .0 0 0
- 0 .0 4 2
0 .049
0 .1 3 1
0 .175
0 .2 32
0 .338
0.379
0 .448
0 .448
0 .448
0 ,448
0 .4 2 2
0 .415
0 .394  
0 .337  
0 .282  
0 .2 32  
0 .197
0 .13 2  
0 .059 
0 .029
0 .0 0 0
- 0 .0 3 7  
- 0 .  059 
- 0.028
S . - E r
0.008  
0.016
0 .033
0 .117
0 .176
0 .23 4
0 .3 5 3
0.388
0 .4 6 1
0 .485
0 .5 4 0
0 .493
0 .4 6 1
0.428
0 .396  
0 .36 4  
0 .2 9 0  
0. 234 
0 .1 67
0.101
0 .067
0 .0 4 2
0 .0 0 0  
0 .0 0 0  
0 .0 0 0  
0 .0 0 0  
0. 000
wUi
Cr-
rft
■M
tA
' o
VJL/
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E s t im a t i o n  o f  th e  Quantum E f f i c i e n c y  o f  t h e  P h o to m u ta r o t a t i o n  
o f  ( - ) - 2 - c h l o r o - 2 —n i t r o s o - c a m p h a n e .
The a p p a r a t u s  u s e d  was s i m i l a r  t o  t h a t  d e s c r i b e d  by 
M i t c h e l l  and Schw arzw ald  ( 4 5 ) .  L ig h t  from  a  12 v o l t  p r o j e c t i o n  
lamp was r e n d e r e d  m onochrom atic, by means o f  a  C h r i s t i a n s e n  
f i l t e r  k e p t  a t  c o n s t a n t  t e m p e r a tu r e  i n  a  t h e r m o s t a t .  The 
e n e rg y  f l u x  was m easu red  by means o f  a  th e r m o p i l e  w hich  was 
c a l i b r a t e d  by means of a  H efn er  c a n d le .  I t  was fo u n d  t h a t  
when t h e  lamp was r u n  o f f  t h e  d e p a r tm e n ta l  b a t t e r i e s  a  v e r y  
s t e a d y  e n e rg y  f l u x  was o b ta in e d .  The p h o t o l y t e  was c o n ta in e d  
i n  a  c i r c u l a r  g l a s s  c e l l  (1cm. t h i c k ,  c a p a c i t y  4 .2 7  m i s . )  
f i t t e d  w i th  a  g round  g l a s s  s t o p p e r .  A llow ance was made f o r  
in c o m p le te  a b s o r p t i o n  of t h e  l i g h t .
As t h e  s p e c i f i c  r o t a t i o n s  o f  b o t h  fo rm s o f  2—c h l o r o - 2 -  
n i t ro s o -c a m p h a n e  a r e  known t h e  c o m p o s i t io n  o f  a  m ix tu re  o f  t h e  
two fo rm s  can be c a l c u l a t e d  from  a knowledge o f  i t s  r o t a t i o n  
and a b s o r p t i o n .
I f  C = c o n c e n t r a t i o n  of b o th  fo rm s  p r e s e n t .
Then Cx = c o n c e n t r a t i o n  of ( - )  fo rm
!f*3+ 494 where x  -------------- -
s p e c i f i c  r o t a t i o n  of m ix tu re  a t  6000 2 a t  w hich  
w a v e le n g th  t h e  r o t a t i o n s  of th e  ( - )  and ( + ) fo rm s  a re  h- 964 and 
-  494 r e s p e c t i v e l y .
At f i r s t  t h e  e x p e r im e n ts  w ere  c o m p l ic a te d  by
•**•5 0—-
p h o to  o x i d a t i o n  and a t t e m p t s  were made t o  p r e v e n t  t h i s  by 
u s i n g  a l c o h o l  d i s t i l l e d  i n  a  c u r r e n t  o f  n i t r o g e n  a s  t h e  
s o l v e n t .  L a t e r  I  fo u n d  t h a t  i t  was s i m p le r  t o  i r r a d i a t e  
t h e  c e l l  f o r  a few  h o u rs  t o  co m p le te  t h e  p h o t o o x id a t io n  
and t h e n  c o n t in u e  t h e  i r r a d i a t i o n  t o  o b se rv e  th e  
p h o t o m u t a r o t a t i o n  and v e r y  s low  p h o t o l y s i s .
I n  an  e x p e r im e n t  t h e  r e s u l t s  w ere  as  f o l l o w s s -
Time of 
i r r a d i a t i o n
6 hrs. p =  0.875 o< = 1,02° (VJ = 792 x x  =. 88.2/100
20 hr a. o< = 0.74° [«]= 574 x2 = 73.3AOO
C = 1.290$ = 0.0643M
6 hrs. C"= 0.0643 x 88.2AOO
20 hrs. c '=  0.0643 x 73.3AOO
14. QT h e re fo re  m i l l im o l e s  i n v e r t e d  •  0 .0 643  x x  4 ,2 7
= 0.04-091
E nergy  a b s o rb e d  = T T  x 0 .8 1  x x 2 .25  x 1CT^ x  14 x  3600
x 0 .8 8  c a l s  = 2 .218  c a l s .
S in c e  o n ly  t h e  e n e rg y  a b so rb e d  by t h e  ( - )  fo rm  i s  used 
i n  t h e  p h o t o m u t a r o t a t i o n ? and a v e ra g e  f r a c t i o n  o f  (~ )  fo rm  
p r e s e n t  =r 0 .8075
E nergy  u s e d  = 2 .218  x 0 .8075  c a l s .
=s 1 .7 9 1  c a l s ,
' V  «  Mol s .  t a k i n g  p a r t  28470
f  c a l s  a b so rb e d  x
4 .0 9 1  * 10- 5  _ 2847 0 
= -------17751-----  x  ~ X ~
= 0 .9 7 3
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P r o d u c t s  of th e  p h o t o l y s i s  o f  (—)—2 - c h l o r o —2 -n i t ro s o c a m p h a n e  
i n  oxygen f r e e  e t h a n o l .
M i t c h e l l ,  .Watson, and Dunlop (6 0 )  showed t h a t  i n  t h e  
p r e s e n c e  o f  oxygen an a l c o h o l i c  s o l u t i o n  o f  2 - c h i o r o - 2- 
n i- tro scam phane  i s  p h o t o - o x id i s e d  t o  2— c h i  o r  o - 2 - n i t  r o -  
cam phane. They a l s o  showed t h a t ,  i n  t h e  a b se n c e  o f  oxygen 
a s lo w e r  p h o t o l y s i s  t a k e s  p l a c e  when t h e  b lu e  s o l u t i o n  i s  
exposed  t o  r e d  l i g h t  b u t  th e y  d id  n o t  f u l l y  d e te rm in e  t h e  
p r o d u c t s  o f  t h i s  r e a c t i o n .  The a l c o h o l  u se d  i n  t h e  
f o l lo w in g  e x p e r im e n ts  was f r e e d  as  f a r  a s  p o s s i b l e  from  t h e  
d i s s o l v e d  oxygen by  r e f l u x i n g  f o r  a b o u t  15 m in u te s  i n  a  
c u r r e n t  of 0^ f r e e  n i t r o g e n ,  and t h e n  a l lo w in g  t h e  a l c o h o l  
t o  c o o l  i n  a  s low  s t r e a m  o f  n i t r o g e n .
Even so some o f  t h e  s o l i d s  i s o l a t e d  from  t h e  
p h o t o l y s i s  p r o d u c t s  o f  c h i o r o n i t r o s o - t e r p e n e s  w ere found  t o  
have low  m e l t in g  p o i n t s  which w ere n o t  r a i s e d  a p p r e c i a b l y  
by r e c r y s t a l l i z a t i o n  from  aqueous a l c o h o l ,  I  b e l i e v e  t h a t  
t h i s  may be due t o  t h e  p re s e n c e  o f  some c h io ro n i t ro -c o m p o u n d  
form ed by  p h o t o - o x id a t i o n ,  and n o t  r e a d i l y  rem oved by 
r e c r y s t a l l i z a t i o n .  The p r o d u c t s  w ere i s o l a t e d  a s  f o l lo w s .
G la ss  t u b e s  ( a b o u t  1cm b o re ,  c a p a c i ty  1 0 -2 0m ls)  
were f i l l e d  w i th  a 6fo s o l u t i o n  o f  2 - c h i  o r  o - 2— n i t r o s o -  
camphane i n  a l c o h o l  and s e a l e d  ( l e a v i n g  a s  s m a l l  an a i r  
sp ace  a s  p o s s i b l e )  and i r r a d i a t e d  by s i x  100W lam ps i n  t h e
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a p p a r a t u s  d e s c r i b e d  by V e i tc h  ( 5 1 ) .  A f t e r  t h e  s o l u t i o n s  
had become c o l o u r l e s s  ( a b o u t  100 h o u r s )  th e  t u b e s  were 
opened and t h e  c o n t e n t s  exam ined i n  th e  f o l l o w i n g  m anner.
1 .  Pew d ro p s  o f  t h e  s o l u t i o n  added  t o  an  a lc o h o l ic  
s o l u t i o n  of s i l v e r  n i t r a t e  gave a w h i te  p p t . ,  i n s o l .  i n  
warm d i l u t e  HNO^, b u t  s o l u b l e  i n  ammonia. R e p r e c i p i t a t e d  
from  am m oniacal s o l u t i o n  by d i l u t e  HNO^. T h is  shows t h e  
p r e s e n c e  of Cl~ i o n .
2. A p o r t i o n  of t h e  s o l u t i o n ,  w hich  sm e lt  s t r o n g l y  o f  
a c e ta ld e h y d e ,  was d i s t i l l e d  i n t o  a s a t u r a t e d  aqueous 
s o l u t i o n  o f  dim edone. C o lo u r le s s  c r y s t a l s  o f th e  d e r i v a t i v e ,  
mp = 1 4 0 ° , c o n f i rm e d  t h e  p r e s e n c e  o f  a c e ta ld e h y d e .
3 . The s o l v e n t  was removed from  a  t u b e f u l  o f p h o t o l y s i s
p r o d u c t s  h e a t e d  on th e  w a te r  b a th  u n d e r  r e d u c e d  p r e s s u r e .
The r e s i d u e  was t r e a t e d  w i th  w a te r ,  e x t r a c t e d  w i th  e t h e r ,  
and t h e  e x t r a c t  d r i e d  o v e r  sodium s u l p h a t e .  E v a p o r a t io n
of t h e  e t h e r  e x t r a c t  gave an a lm o s t  q u a n t i t a t i v e  y i e l d  o f  a 
c r y s t a l l i n e  s o l i d ,  mp = 110 -  1110 . R e c r y s t .  f rom  EtOH 
mp = 116°  S o lu t io n  o f  s o l i d  i n  e t h e r  gave a  b lu e  c o lo u r  
when t r e a t e d  w i th  c h l o r i n e .
Mixed mp o f camphoroxime (mp =■ 117°) and  p r o d u c t  ~  117° 
T h e re fo re  p ro d u c t  i s  camphoroxime.
4 . The s o lv e n t  was removed from  a t u b e f u l  o f  p h o t o l y s i s  
p r o d u c t s  a s  above . The r e s i d u e  was t h e n  p la c e d  i n  a vacuum
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d e s is c a to r  o v e r  C&.C12 f o r  a  few  h o u r s  t o  remove t r a c e s  o f 
a lc o h o l*  I n  t h i s  m anner c r y s t a l s  w ere  o b t a in e d  which^when 
f r e e d  from  o i l y  i m p u r i t i e s  by w ash in g  w i th  e t h y l  a c e t a t e ,  
m e l te d  a t  156 -  1 5 7 ° .
Mixed mp o f camphoroxime h y d r o c h lo r id e  (mp = 156 -  1 5 7 ° )  
and p ro d u c t  = 156 -  157°
Compound gave N = 7 .0 $  EOh J* C l r e q u i r e s  N =? 6 ,9 $ ,
Cl =* 1 7 .4 7 $
47.0mg p r o d t .  t r e a t e d  w i th  25mls 0.0X0XN. AgNO^ and b ack  
t i t r a t e d  0.0106N. KCNS by V o l h a r d 's  m ethod .
R e q u ire d  2 .90m ls  E q u iv .  t o  3*04 mis AgNO^
T h e r e fo r e  C l 22 .9 6  x 35 .5  x 0 .010 1  _=  ---------------- pjr-Q------- ----- x  lo o p
= 1 7 .5 5 $
A spec im en  o f  camphoroxime HC1 l e f t  i n  th e  d e p a r tm e n t  by 
D r. Hope gave Cl~ = 1 7 .1 0 $
5 . To show t h a t  no compound c o n ta in i n g  c o v a l e n t  c h lo r i n e
i s  p r o d u c te d  i n  t h e  p h o t o l y s i s  35.7mg o f  2 - c h io r o —2 - n i t r o s o ~  
camphane i n  5 m is EtOH was i r r a d i a t e d  u n t i l  c o l o u r l e s s  
( a b o u t  70  h o u r s ) .  The Cl~ fo rm ed  was e s t im a te d  by 
V o lh a rd ’s m ethod. Used 25mls 0. 0101N AgNO^
R e q u ire d  7 .5 0  m is 0 .0106N. KCNS E qu iv . 7.85m l.s AgNO^
T h e re f  o re  Cl~ »  .5 , ,x 0. 0101 ^  j^oo/o
3 5 .7
= 1 7 .3 0 $  (9 8 .3 $  t h e o r y  s in c e  C10H16N0C1 
r e q u i r e s  Cl = 1 7 .5 8 $ )
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C a t a l y t i c  h y d r o g e n a t io n  of 2 ~ c h lo ro -2 ~ n i t ro s o -c a m p h a n e  
A cco rd in g  t o  M tflle r  (5 9 )  Raney N ic k e l  i s  n o t  an 
e f f e c t i v e  c a t a l y s t  f o r  t h e  r e d u c t i o n  o f  g e m - c h lo r o n i t r o s o  
compounds t o  t h e  c o r r e s p o n d in g  ox im es. I  have fo u n d , how­
e v e r ,  t h a t  s a t i s f a c t o r y  r e s u l t s  can  be o b ta in e d  u s i n g  n i c k e l  
p r e p a r e d  a s  d e s c r i b e d  by T ucker ( 6 3 ) p r o v id e d  t h a t  p l e n t y  o f  
c a t a l y s t  i s  u s e d .  T h is  r e a c t i o n  i s  of im p o r ta n c e  a s  i t  was 
u s e d  t o  i n v e s t i g a t e  t h e  p h o t  o iso m e r i  s a t  i o n  o f  2 - c h lo r o ~ 2 -  
n i t r  o s o - 1 0 - b r  omocamphane.
The h y d r o g e n a t io n  was c o n d u c ted  i n  th e  a p p a r a t u s  
d e s c r i b e d  i n  T u c k e r ’ s p a p e r .
2 gms N i/ lO m ls  a b s .  EtOH Temp. = 18 °  P r e s s u r e  = 758mm 
Time (m in s)  0 5 20 30 35
m is H2 a b so rb e d  0 10 16 1® 19
0 .7  gms o f  th e '  b lu e  compound i n  15>mls EtOH was added and 
t h e  h y d ro g e n a t io n  commenced (7 8 .4 m ls  r e q u i r e d  a t
NTP = 8 3 .5  m is a t  l 8 ° /7 5 8  mm)
Time (m in s )  0 25 45 70  85 100 105
m is  H, a b so rb e d  0 48 66 74 79 83 8 3 .5
The h y d r o g e n a t io n  was s to p p e d ,  t h e  m ix tu re  f i l t e r e d  
t o  remove th e  n i c k e l ,  and t h e  a l c o h o l  t a k e n  o f f  u n d e r  r e d u c e d  
p r e s s u r e .
The p a le  g r e e n i s h  s o l i d  was th e n  sh a k en  up w i t h  e t h e r  
and w a te r  i n  a s e p a r a t i n g  f u n n e l .  The g r e e n i s h  a q u eo u s
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++
l a y e r  c o n ta in e d  Ni a s  was shown by t h e  f o r m a t io n  o f  a 
r e d  p r e c i p i t a t e  w i th  d im e th y lg ly o x im e .
The e t h e r  l a y e r  was d r i e d  o v e r  sod ium  s u l p h a t e  and 
t h e  s o l i d  r e s i d u e  o b ta in e d  f ro m  t h e  e x t r a c t  ( 0 . 2  gms mp = 
1 0 6 ° )  r e c r y s t a l l i z e d  t h r e e  t im e s  from  60 -  80°  p e t .  e t h e r .  
The f i n a l  p r o d u c t  m e l te d  a t  1 1 7 -1 1 8 °  and t h e  m e l t i n g  p o i n t  
was n o t  d e p r e s s e d  when i t  was m ixed w i th  d-cam phorox im e.
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P r e p a r a t i o n  o f  ( + ) - 2 - c h lo r o - 2 - n i t r o s o c a m p h a n e
1 .3 4  gms o f  2 - c h lo r o - 2 - n i t r o s o c a m p h a n e  was d i s s o l v e d  
i n  30 m is m e th a n o l ,  p l a c e d  i n  a 10cm. g l a s s  s to p p e r e d  t u b e ,  
and i r r a d i a t e d  w i th  a  Cd/Hg lamp u n t i l  i n v e r s i o n  was 
co m p le ted  ( ^ 1 7  h r s . ) .
The b u lk  o f  th e  m e th a n o l  was t h e n  rem oved u n d e r  
vacuum, t h e  r e s i d u e  t r e a t e d  w i th  w a te r  and e x t r a c t e d  w i th  
4 0 -6 0 °  p e t .  e t h e r .  The e x t r a c t  was d r i e d  o v e r  sodium  
s u l p h a t e ,  e v a p o r a te d  t o  a s m a l l  b u lk ,  and t h e n  
c h ro m a to g rap h ed  on f i n e  mesh s i l i c a  g e l .
400 mg o f  t h e  s o l i d  p ro d u c t  were o b t a in e d  ^ m a x  ~
R o ta ry  d i s p e r s i o n
c  = 0. 302$ j = 1dm
X dL a. oC Z < \
7400 1 .4 4 +477 6400 - 1 . 4 8 -490
7300 1 .5 5 +513 6300 - 1 . 6 1 -5 3 5
7200 1 .5 7 +519 6200 - 1 . 6 4 -5 4 2
7100 1 .4 6 +483 6100 - 1 . 6 9 -5 5 9
7000 1 .3 4 +450 6000 - 1 . 6 6 -5 4 8
6900 1 .2 1 +401 5900 ■ - 1 . 6 4 -5 3 5
6800 0 .8 4 + 267 5800 - 1 . 5 1 - 5 0 0
6700 0 .2 0 + 64 5700 - 1 . 4 5 -4 8 0
6600 - 0 .5 3 -109 5600 - 1 . 3 2 -437
6500 - 1 .3 8 -457 5500 - 1 . 2 2 -404
5250 - 0 . 9 6 -3 1 8
ut
1A
u»
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oo oo o
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- 57-
These r e s u l t s  a r e  shown on Graph 2.
R e l a t i v e  s t a b i l i t i e s  o f  t h e  two i s o m e r s
M eerwein (62 ) h a s  s h o r n  t h a t  an  i s o m e r i s a t i o n  o f  
i s o b o r n y l  c h l o r i d e  t o  b o r n y l  c h l o r i d e  o c c u r s  i n  s o l u t i o n .
The most s u i t a b l e  s o l v e n t  f o r  showing t h i s  e f f e c t  was 
c h lo ro b e n z e n e  c o n t a i n i n g  some d i s s o l v e d  s t a n n i c  c h l o r i d e  
t o  c a t a l y s e  t h e  r e a c t i o n .  In  o r d e r  t o  a l l o t  c o n f i g u r a t i o n s  
t o  th e  two 2 -c h lo ro -2 -~ n it ro so c a m p h a n e s  i t  was d e c id e d  t o  
make up  s o l u t i o n s  o f  t h e  two i s o m e rs  i n  th e  s o l v e n t  and 
th e n ,  by r o t a t i o n  m easu rem en ts ,  f i n d  o u t  i f  any 
i s o m e r i s a t i o n  o c c u r re d  i n  e i t h e r  c a s e ,  U n f o r t u n a t e ly  b o th  
th e  c h l o r o n i t r o s o  compounds were decomposed by t h e  s t a n n i c  
c h l o r i d e  b u t ,  t h e  b lu e  c o lo u r  o f th e  s o l u t i o n  p e r s i s t e d  
much l o n g e r  i n  t h e  c a se  of t h e  ( - ) -  fo rm  t h a n  w i th  t h e  (+ )— 
form . T h is  would a p p e a r  t o  i n d i c a t e  t h a t  t h e  ( - ) -  fo rm  i s  
t h e  more s t a b l e .
The two fo rm s a l s o  d i f f e r  i n  t h e i r  s t a b i l i t y  t o  
h y d r o c h l o r i c  a c i d .  When 30mg o f  th e  ( - ) -  fo rm  was d i s s o l v e d  
i n  9 nils EtOH and 1 ml c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  add ed . 
The r o t a t i o n  o f  th e  s o l u t i o n  had h a r d l y  a l t e r e d  a f t e r  s i x  
days  s t o r a g e  i n  t h e  d a rk .  7/hen t h i s  e x p e r im e n t  was r e p e a t e d  
w i th  t h e  ( + ) -  fo rm  t h e  b lu e  c o lo u r  had a lm o s t  d i s a p p e a re d  
a f t e r  s i x  d a y s .  The r e s i d u a l  s o l u t i o n  showed a  v e r y  s l i g h t  
p o s i t i v e  r o t a t i o n .  I t  was t r e a t e d  w i th  w a te r  and e x t r a c t e d  
w i th  ab o u t 1^—2 m is p e t .  e t h e r .  The d r i e d  p e t .  e t h e r
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e x t r a c t ,  i n  a  10cm m ic ro  p o l a r i m e t e r  t u b e ,  showed a d e f i n i t e  
n e g a t i v e  C o tto n  e f f e c t .  °^ 600 0  = + °* 3 8 ° ,  °^7000  ~ ”  ° -3 1 °
T h is  shows t h e  p r e s e n c e  o f  some ( - ) -2 —c h l o r o - 2 -  
n i t ro s o c a m p h a n e  p o s s i b l y  fo rm ed from  t h e  (+ )—2 - c h lo r o ~ 2 -  
n i t ro s c a m p h a n e  by th e  a c t i o n  o f  t h e  a c i d .
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I I .  •2 -c h lo ro -2 -n i tro so -1 0 -b ro m o c a m p h a n ©
S y n th e s i s  o f  2 -c h lo ro ~ 2 ~ n it ro so - lC U b ro m o c a m p h a n e .
T h is  was made fro m  camphor a s _ f o l lo w s
chas Dgk
, rd>0 KOH |<f> ££6^ 4 r x >° 
- w " k y  k y  k y  ~w *
Br
cH. 6r
prO VH,OH
c*o
cH2B r
N0" v j EtzO
(51)
CHJ3-
-> f - r T ' c i
red
C W,/?r
Camphor s u lp h o n ic  a c i d  and i t s  p o t a s s iu m  s a l t .
Camphor was s u lp h o n a te d  a s  d e s c r i b e d  by  R e y c h le r  ( 6 4 ) .  
500 gms camphor gave  413. gms cam phor- 1 0 - s u lp h o n ic  a c i d  mps-f^o0 
250 gms of t h e  a c i d  d i s s o l v e d  i n  250 m is a l c o h o l  was 
t r e a t e d  w i t h  50 gms p o t a s h  d i s s o l v e d  i n  55 m is  90$ a l c o h o l .  
The p o t a s h  was added s lo w ly  w i th  c o n s t a n t  s t i r r i n g .  The 
p o ta s s iu m  s a l t  which s e p a r a t e d  a lm o s t  im m e d ia te ly  was 
f i l t e r e d  o f f 3 washed w i th  a b s o l u te  a l c o h o l  and d r i e d  i n  a 
d e s i c c a t o r  f o r  two d a y s .  Y ie ld  200 gms (7 0 $ ) .
10- Br omo c amphor
T h is  was p r e p a r e d  by t r e a t i n g  t h e  p o ta s s iu m  s a l t  . 
w i th  p h o sp h o ru s  p e n ta b ro m id e  a s  d e s c r i b e d  by Lowry (65 )  and 
decom posing  t h e  s u lp h o n y l  brom ide by b o i l i n g  i n  x y le n e  
s o l u t i o n .
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64 gms s a l t  gave 1 7 .6  gms bromocamphor (3 2 $ )  mp «  7 4 -7 6 °
L i t .  y i e l d  20$
2 s4 - d i n i t r o p h e n y l h y d r a z o n e  mp =- 152°
1 0 -  Br omo camphor oxim e.
1 4 .4  gms 1 0 - b r  omo camphor, 16 gms h y d ro x y lam in e  h y d r o c h l o r i d e  
and 140 m is an h y d ro u s  p y r i d i n e  was r e f l u x e d  f o r  3 h r s .  The 
p r o d u c t  was p o u re d  on t o  c ru s h e d  i c e ,  and t h e  oxime w hich  
s e p a r a t e d  was d r i e d  on p o ro u s  p l a t e  and r e c r y s t a l l i s e d  from  
a l c o h o l .
Y ie ld  8 .4  gms oxime mp *  151°
R e c r y s t .  8 . 0  gms oxime (50$) mp = 155°
Bromocamphoroxime h y d r o c h l o r i d e .
0 .6 3  gms o f  bromo camphoroxime was d i s s o l v e d  i n  15 m is 
e t h e r ,  c o o le d  i n  a  f r e e z i n g  m ix tu r e ,  and d ry  HC1 gas  l e d  i n .  
0 .5 5  gms o f  t h e  h y d r o c h lo r id e  s e p a r a t e d .  mp =s 152°
,1 3 0 .5  mg of t h e  h y d r o c h lo r id e  d i s s o l v e d  i n  a l c o h o l  
r e q u i r e d  10 .95  mis 0 . 04N. AglTO^  s o l u t i o n .  D ipheny lam ine  was 
u s e d  a s  an a d s o r p t i o n  i n d i c a t o r .
T h e re fo re  Cl = 1 1 .9 $  C^Q.H-^ROClBr r e q u i r e s  Cl = 1 2 .5 $
When an a t t e m p t  was made t o  r e c r y s t a l l i z e  t h i s  
s u b s ta n c e  from  a b s o l u t e  a l c o h o l  a l l  t h e  HC1 re m a in e d  i n  
s o l u t i o n  and b r  omo camphor oxime was o b ta in e d .  T h is  a c c o u n ts  
f o r  V e i t c h ' s  f a i l u r e  t o  o b t a i n  t h i s  compound.
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2 -ch lo ro -2 -n itro so -1 0 -b ro m o ca m p h a n e .
T h is  o p e r a t i o n  was c a r r i e d  ou t i n  subdued  l i g h t .
2 gms oxime was d i s s o l v e d  i n  150 m is a n h y d ro u s  e t h e r  and 
c o o le d  i n  i c e .  Dry c h l o r i n e  was p a s s e d  i n  f o r  2 h r s .  The 
e t h e r  was t a k e n  o f f  u n d e r  r e d u c e d  p r e s s u r e  f i n a l l y  w i th  
g e n t l e  warming t o  45 °o The r e m a in in g  deep b lu e  v i s c o u s  o i l
was d i s s o l v e d  i n  4CU60° p e t .  e t h e r  and ch ro m a to g ra p h ed  on a
b e n t o n i t e  -  k i e s e l g u h r  column.
Y ie ld  2 gms (84 $ )  mp = 126-130 °  ^ 6 4 5 0  ~ - ^ . 6
A b a t c h  o f  t h e  above was p u t  th r o u g h  column o f  "0" a lu m in a .  
E lu t e d  w i t h  4 0 -6 0 °  p e t ,  e t h e r .
Gave s o l i d  mp = 126-129 ^ 6 4 7 5  “  1 8 ,7
R o t a t o r y  d i s p e r s i o n  C = 1 .5 3 2 $
X ■=4 > gL I X ?
7000 0 .6 1 398 5900 - 0 .9 3 -607
6800 0 .8 8 575 5800 - 1 . 0 2 -6 6 6
6700 1 .2 7 828 5700 - 0 . 9 6 -6 2 7
6600 1 .2 6 822 5600 - 0 . 9 3 -6 0 7
6500 0 .9 3 607 5400 - 0 . 8 2 -5 3 5
6400 0 .3 2 209 5200 - 0 .6 9 - 4 5 0
6200 - 0 .6 7 -4 3 7 6650 1 .2 8 836
6000 - 0 .8 7 -57 4 6375 - 0 . 0 0 - 0
GO.
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O
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S h i f t  o f  a b s o r p t i o n  band  on i r r a d i a t i o n  o f  an a l c o h o l i c  
s o l u t i o n  o f  2 ~ c h lo ro ~ 2 -n i t ro so -1 0 -b ro m o c a m p h g n e .
A s o l u t i o n  o f  7 4 .7  mg 2 - c h i  o r  o - 2 - n i t r o s o - l O -  
bromocamphane i n  5 m is a l c o h o l  was p l a c e d  i n  a  s to p p e r e d  
1 c m ,g la s s  c e l l  and i t s  a b s o r p t i o n  m e a su re d .  The s o l u t i o n  
was t h e n  i r r a d i a t e d  w i t h  th e  l i g h t  from  a Hg/Cd box ty p e  
lam p; and t h e  a b s o r p t i o n  m easu red  a g a in  a f t e r  v a r i o u s  p e r i o d s
o f  i r r a d i a t i o n .
A. e* fc 0 V 40 V 0,40 ^ 80
7500 0 .0 3 2
7400 0 .05 4
7300 0 .0 8 0
7200 0 .094
7100 0 .1 4 2
7000 0 .1 4 0 2 .63 0 .242 0.328 0 .1 9 0
6900 0 ,22 9 4 .3 0 0.347 0 .4 7 1 0.227
6800 0 .3 5 5 6 .6 7 0 .5 1 0 0 .6 9 2 0 .425
6700 0 .5 4 0 10 .1 5 0.644 0 .874 0 .537
6650 0 .6 9 0 1 2 .9 6 0.696 0 .945 0.595
6600 0 .815 1 5 .3 2 0 .722 0 .9 8 0 0 .6 1 0
6575 0 .7 2 0 0 .977 0.615
6550 0 .8 8 0 1 6 .5 4 0.715 0 .9 7 1 0 .6 1 0
6500 0 .925 1 7 .3 8 0.693 0 .94 1 0.595
6450 0 .9 8 0 1 8 .4 2 0.655 0 .889
6400 0 .965 1 8 .1 3 0.609 0 .827 0 .524
6350 0 .9 1 0 1 7 .1 0 0 .5 6 0 0 .7 6 0
6300 0 .8 5 0 1 5 .9 7 0.516 0 .7 0 0 0 .436
6250 0 .7 7 0 1 4 .4 7 0 .4 7 0 0 .638
6200 0 .705 13 .2 5 0 .4 4 0 0 .597 0 .384
6200 0 .70 5 13 .2 5 0.448 0 .608
6150 0.635 1 1 .9 3 0.415 0.563
6100 0.605 11 .37 0.394 0.535 0.338
6050 0 .57 2 10 .75 0.361 0 .4 9 0
6000 0.547 1 0 . 2 8 0 .3 4 0 0 .462 0. 297
5900 0 .474 8 .9 1 0.276 0.367 0 .24 2
5800 0.367 6 .9 0 0.236 0 .3 2 0 0 .188
5700 0 .269 5 .06 0.167 0. 228 0 .139
5600 0.213 4 .0 0 0.129 0.175 0 .117
5500 0 .16 2 3. 05 0.107 0.145 0 .0 9 3
5400 0.133 2 .5 0 0. 082 0.111
Graph if.
Shift of the absorption band on irradiation of an alcoholic solution o f  
2-ch\orc-a«n\troso-10- bromocamphane (7i^ .-7»n^  / 5™ls EtOH)
I  or i jm a l  solution H a f te r  h-ownns. irradiation w ith  Cd/H  ^ lamp
£ ^ l 8 * l f . O  ' ( s c a l e d  t o  o r i g i n a l  h e i g h t )
A  oT
H
%
oi
7000 6000 55006500
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A f t e r  140 m ins ^ max 0 .4 4 0  a t  X  ^  6575 X
I t  i s  r e a d i l y  se e n  t h a t  t h e r e  h a s  "been a b a th o c h ro m ic  
s h i f t  i n  t h e  a b s o r p t i o n  band . T h is  shows t h a t  a 
p h o t o i s o m e r i s a t i o n  i s  o c c u r r i n g  i n  a d d i t i o n  t o  th e  
p h o t o l y s i s .
I s o m e r i s a t i o n  o f  2 - c h lo r o - 2 - n i t r o s o - lo - b r o m o c a m p h a n e .
0 .5  gms o f  2 - c h i o r o - 2 - n i t r o s o - 1 0 - bromocamphane d i s s o l v e d  i n  
30 m is  a l c o h o l  i r r a d i a t e d  i n  10 cm. g l a s s  tu b e  w i th  Hg/Cd 
lam p .
Time 0 2h 15m 3h 55m 4h 55m 6h 55m 9h 10m lOh 35m 
°<5 4 6 l  - 8 . 9  - 6 . 4  - 5 . 8  - 5 . 5  - 5 . 3  - 5 . 0  - 4 . 8
A lcoho l was removed u n d e r  r e d u c e d  p r e s s u r e  on a 
w a te r  b a t h  and t h e  r e s i d u e  was d i s s o l v e d  i n  40^-60 p e t ,  e t h e r  
and c h ro m a to g rap h ed  on a column o f "0" a lu m in a .
7 7 .4  mg. o f  p r o d u c t  d i s s o l v e d  i n  5 m is a l c o h o l .
X  7300 7200 7100 7000 6900 6800 6 TOO 6600
W  315 380 405 415 395 350 275 125
X  6400 6300 6200 6100 6000 5800 5500 5250
EKJ-150 -3 4 5 - 3 8 0 - 4 3 0 - 4 8 0 —512 - 3 9 0 -3 2 5
£
6400 ~ 1 8 .4 0 N = 4 .7 8 $ 01, Br = 4 1 .0 3 #
C10H15N0Cl:Br r e q u i r e s  N =: 4.99/o C l,B r  ~ 4 1 .1 2 /
H y d ro g e n a t io n  o f  2 -c h lo ro -2 -n i t ro s e - lC u b ro m o c a m p h a n e .
1 .  U n i r r a d i a t e d  o ( - fo rm .
0 .26  gms compound i n  5 m is a lc o h o l  h y d ro g e n a te d ,
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u s i n g  0 .5  gms Raney N i, u n t i l  c o l o u r l e s s  (2 0  m is H2 a b so rb e d )  
F i l t e r e d .  A lco h o l  t a k e n  o f f  f rom  f i l t r a t e  u n d e r  re d u c e d  
p r e s s u r e .  R e s id u e  d i s s o l v e d  i n  e t h e r  and w ashed w i th  w a te r .  
E th e r  l a y e r  e v a p o r a te d  i n  s t r e a m  o f  a i r .
Y ie ld  131 mg s o l i d  mp =. 141° R e c r y s t .  from  a l c o h o l  
mp -  1 52 -15 3°  R e c r y s t .  a g a in  mp «* 1 5 5 -1 5 6 ° .
Mixed mp w i th  b r  omo camphor oxime mp = 1 5 6 ° .  The i d e n t i t y  o f  
t h e  p r o d u c t  was c o n f i rm e d  by com paring  i t s  I .R ,  sp e c tru m  
w i t h  t h a t  o f  b r  omo camphoroxime.
2. I r r a d i a t e d  p  - f o rm .
0 .3 6  gms w i th  lgm Ni r e q u i r e d  30 m is Hg. T re a te d  as  
above gave an i d e n t i c a l  p r o d u c t .
L a t e r  i t  was fo u n d  t h a t  t h e  r e d u c t i o n  can be a c c o m p lish e d  
more s im p ly  by a d d in g  a few d ro p s  of h y d r a z in e  h y d r a te  t o  
t h e  s o l u t i o n  o f  t h e  b lu e  compound i n  a l c o h o l .  The same 
p r o d u c t s  r e s u l t .
P h o t o l y s i s  p r o d u c t s .
T e i t c h  i n v e s t i g a t e d  t h e  p h o t o l y s i s  o f  2 - c h l o r o - 2 -  
n i t r o s o —1CUbromocamphane i n  oxygen f r e e  a l c o h o l .  He 
i s o l a t e d  10-bromocamphoroxime and showed, by t i t r a t i o n  
w i th  s t a n d a r d  s i l v e r  n i t r a t e  s o l u t i o n ,  t h a t  99$ o f  t h e  
c h l o r i n e  i s  l i b e r a t e d  a s  Cl"* i o n s .  He a l s o  s t a t e d  t h a t  he 
sm e lt  a c e ta ld e h y d e  when he opened th e  tu b e s  o f th e  
p h o t o l y s i s  p r o d u c t s .
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I n  o r d e r  t o  c o n f i rm  t h i s  o b s e r v a t i o n  0 .3  gms of 
2 - c h lo r o — 2 -n i tro so - lO -b ro m o c a m p h a n e  d i s s o l v e d  i n  10 m is 
a l c o h o l  was i r r a d i a t e d  i n  a s e a l e d  tu b e  u n t i l  c o l o u r l e s s .
The p r o d u c t s  w ere  d i s t i l l e d ,  c o l l e c t i n g  t h e  f i r s t  f r a c t i o n  
o f  th e  d i s t i l l a t e  i n  a s a t u r a t e d  aqueous s o l u t i o n  o f  dim edone. 
C r y s t a l s  s e p a r a t e d  o v e r n i g h t ,  mp = 1 3 9 -1 4 0 °  C y c l is e d  d e r i v .  
mp = 174°
Mixed mp o f c r y s t a l s  w i th  a c e ta ld e h y d e  d e r i v .  mp «  1 3 9 -1 4 0 °  
C i r c u l a r  d i c h r o i s m  ofc< - a n d  (i - 2 - c h l o r o - 2 - n i t r o s o - l Q -  
bromocamphane
D r. M i t c h e l l ' s  a p p a r a t u s  (2 5 )  e n a b le s  t h e  c i r c u l a r  d ic h r o i s m  
o f  s o l u t i o n s  t o  be m easured  r a p i d l y  and w i th  r e a s o n a b le  
a c c u ra c y .  C i r c u l a r  d ic h r o i s m  m easu rem en ts  a r e  u s e f u l  i n  th e  
s tu d y  o f  t h e  p h o t o i s o m e r i s a t i o n  o f  s u b s ta n c e s  show ing th e  
C o tto n  e f f e c t  b e c a u se  th e y  w i l l  o f t e n  sho?/ w h e th er  a s o l u t i o n  
c o n ta in s  a  m ix tu re  o f  s u b s ta n c e s  w i th  o p p o s i t e  C o tto n  e f f e c t s  
when a  s tu d y  o f  t h e  r o t a t o r y  d i s p e r s i o n  o f  t h e  s o l u t i o n  i s t 
i n c o n c l u s i v e .
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oC -form  0 = 0.03178M ^B -form  C = 0. 0334M
X
7400 0. 000
7300 0 .0 7 8
7200 0 .1 2 0
7100 0 .2 4 0
7000 0 . 0 0 0 0 .3 3 0
6900 0 .0 9 4 0 .4 5 0
6800 0 .126 0 .6 0 0
6700 0 .315 0 .6 6 0
6600 0 .693 0 .7 2 1
6500 0 .9 4 6 0 .7 5 0
6400 1 .0 7 2 0 .705
6300 0 .9 7 8 0 .6 3 0
6200 0 .7 9 7 0 .5 1 0
6100 0 .629 0 .4 2 0
6000 0 .577 0 .2 4 0
5900 0 .504 0 .1 8 0
5800 0 .4 1 0 0 .0 9 0
5700 0 .2 5 2 0 .0 6 0
5600 0 .189 0 .0 0 0
5500 0 .126
5400 0 .095
These r e s u l t s  a r e  p l o t t e d  ou t  on Graph ( 5 ) .
I f  i n v e r s i o n  o f  th e  r o t a t o r y  d i s p e r s i o n  cu rv e  had 
o c c u r re d  t h e  s ig n  of t h e  c i r c u l a r  d ic h ro i s m  would have 
changed . Even in c o m p le te  i n v e r s i o n  would re d u c e  th e  
c i r c u l a r  d ic h r o i s m  a t  lo n g  w a v e le n g th s  h u t  th e  m easurem ents  
show t h a t  t h i s  i s  i n  f a c t  i n c r e a s e d .  T h is  can o n ly  happen  
i f  t h e  i s o m e r i s e d  2—c h lo r o —2—nitroso-lO ^-brom ocam phane has 
t h e  same ty p e  o f  C o tto n  e f f e c t  as  t h e  o r i g i n a l  compound -  a 
r e m a rk a b le  r e s u l t !
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2- ch i or 0-2—n itr o  s of enohane
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S .y n th e s is  of ( + ) - 2 - c h l o r o - 2 ~ n i t r o s o - f e n c h ane
Some o f  t h e  e a r l i e r  p a r t  o f  t h i s  i n v e s t i g a t i o n  was 
c a r r i e d  o u t  i n  c o l l a b o r a t i o n  w i th  Mr. R .w. Hay who worked 
on t h i s  compound a s  p a r t  o f h i s  r e s e a r c h  f o r  th e  d e g re e  of 
B. Sc.
P r e p ,  o f  o C -d - fe n c h o n e  oxim e0
T h is  compound was r e a d i l y  o b ta in e d  a s  d e s c r ib e d  by 
W alla ch  ( 6 6 ) .
Y ie ld ;  P r a c t i c a l l y  t h e o r e t i c a l  (K H 6.9 °  m p « l6 3 - 1 6 5 °
P r e p a r a t i o n  of j3 - d - f e n c h o n e  oxim e.
T h is  compound was p r e p a r e d  a s  d e s c r ib e d  by  D e leph ine  
( 6 6 ) .  Prom 70 gms fen ch o n e  o n ly  23 gms o f  oxime were 
o b ta in e d .  On r e c r y s t a l l i s a t i o n  from  a lc o h o l  t h i s  y i e l d e d  
11 gms p u re  p -o x im e  (mp - 1 2 3 ° )  and i n  a se co n d  c ro p  9 gms 
OC-oxime (mp *=162°).
P r e p a r a t i o n  of 2~chlo ro ~ 2 —n i t  r o - f  enchane *
T h is  compound was p r e p a r e d  i n  th e  same manner a s  
F o r s t e r  (6 7 )  d e s c r i b e s  f o r  t h e  c o r r e s p o n d in g  compound i n  
t h e  camphane s e r i e s  2-J- gms c < - fe n c h o n e  oxime suspended  i n  
a  s o l u t i o n  of 5 gms KOH i n  10 m is w a te r .  Added w i th  
s t i r r i n g  (15 m in s . ) t o  500 m is i c e  co ld  NaOCl (p r e p a re d  f ro m
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20 gms HaOH). S too d  12 h r s .  F i l t e r e d ,  d r i e d  ove r  CaCl^ 
and r e c r y s t a l l i s e d  from  a l c o h o l  u n t i l  mp. was c o n s t a n t ,  
mp =  200°.
C = 5 5 .4  35^  H = 7.03f'» IT = 6 . 795  ^ Cl = 1 6 .4 6 $  jQ.}= 5 .7 4 °
^ o ^ g N O g C 1 r e q u i r e s  C =  55.1656 H =  7 .4 1 $  N = 6 .4 3 $
Cl = 1 6 .2 9 $ .
T h is  compound was p r e p a r e d  as  i t  was a  p o s s i b l e  
• im p u r i ty  i n  t h e  c h l o r o n i t r o s o  compounds (fo rm ed  by 
p h o t o o x i d a t i o n ) . However s i n c e  i t s  r o t a t i o n  i s  so low  i t s  
p re s e n c e  would n o t  a f f e c t  t h e  shape o f  t h e  r o t a t o r y  
d i s p e r s i o n  c u rv e s  o f t h e  c h l o r o n i t r o s o  compounds.
P r e p a r a t i o n  o f  ( + ) - 2 - c h l o r o - 2 - n i t r o s o - f en ch a n e .
About f* gms fen c h o n e  oxime were d i s s o l v e d  i n  a b o u t  100 
m is d ry  e t h e r  and, a f t e r  c o o l in g  i n  i c e ,  t r e a t e d  w i th  
c h l o r i n e  gas  (15 m i n s . ) .  E xcess  c h l o r i n e  blown o f f  i n  a 
c u r r e n t  o f  d ry  a i r .  E th e r  t a k e n  o f f  i n  d ra u g h t  cu p b o ard .
B lue  s o l i d  was t h e n  d i s s o l v e d  i n  4 0 -6 0 °  p e t .  e t h e r  and 
ch ro m atog raph ed  on s i l i c a  g e l  (some b a tc h e s  o f s i l i c a  g e l  
decompose compound) and th e n  on su g a r  c h a r c o a l  ( f i n e r  t h a n  
60 mesh, c o a r s e r  th a n  120 mesh) or a lu m in a  ( to o  s t r o n g l y  
a c t i v a t e d  a lu m in a  may cause  d e c o m p o s i t io n )
H o o o  =~4 8 6 ° £ max = 2 1 ’ 8 5  Y ie ld  3 0 0
T es t f o r  d a rk  r e a c t i o n s 0
( + ) - 2 ~ c h lo r o - 2 ~ n i t r o s o ~ f e n c h a n e  i s  u n s t a b l e  u n l e s s
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k e p t  i n  a r e f r i g e r a t o r .  A s o l u t i o n  i n  a l c o h o l  became 
c o l o u r l e s s  a f t e r  a b o u t  a  f o r t n i g h t .  The s u b s ta n c e  
p h o t o m u t a r o t a t e s  however on e x p o su re  t o  l i g h t  and t h e  
i n v e r t e d  compound i s  much more s t a b l e .
P h o t o l y s i s  p r o d u c t s .
Some ( + ) - 2 - c h l o r o - 2 - n i t r o s o —fe n c h a n e  was d i s s o l v e d  i n  
a l c o h o l  and p la c e d  i n  a h e r m e t i c a l l y  s e a l e d  tu b e  and exposed 
t o  l i g h t  u n t i l  c o l o u r l e s s  ( a b o u t  14 d a y s ) .  The a l c o h o l  was
t h e n  t a k e n  o f f  u n d e r  vacuum and th e  r e s i d u e  r e c r y s t a l l i s e d
from  aq ueous  a l c o h o l .
W hite c r y s t a l l i n e  s o l i d  mp = 160°
Mixed mp w i th  0( - d - f e n c h o n e  oxime = 161°
mp o f  o ( - d —fen chon e  oxime = 16 2 -1 6 3 °
The i d e n t i t y  of t h e  s u b s ta n c e  w i th  c< —d—fen ch o n e  oxime 
was c o n f i rm e d  by com paring  I .R .  s p e c t r a .
A c e ta ld e h y d e  was shown t o  be p r e s e n t  i n  a n o th e r  b a tc h  
o f  p h o t o l y s i s  p r o d u c t s  by s team  d i s t i l l i n g  i n t o  a  s o l u t i o n  
of dimedone when w h ite  c r y s t a l s  of th e  d e r i v a t i v e  mp = 140° 
s e p a r a t e d .
On a d d i t i o n  o f  an a l c o h o l i c  s o l u t i o n  o f  s i l v e r  n i t r a t e  
t o  a few  d ro p s  of t h e  p h o t o l y s i s  p r o d u c t s  a  w h ite  
p r e c i p i t a t e ,  i n s o l u b l e  i n  d i l u t e  n i t r i c  a c id  b u t  s o l u b l e  i n  
ammonia, was form ed. T h e re fo re  c h l o r i n e  io n s  a r e  p r e s e n t .
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E s t im a t i o n  o f  t h e  c h l o r i n e  i o n s  l i b e r a t e d  d u r in g  t h e  
p h o t o l y s i s .
The c h l o r i n e  i n  33#5 mg o f  t h e  compound was fo u n d  by 
d i s s o l v i n g  i t  i n  EtOH, r e d u c in g  t h e  b lu e  s o l u t i o n  w i th  
e x c e s s  o f  h y d ra z in e  h y d r a t e ,  and a c i d i f y i n g  w i th  d i l u t e  
n i t r i c  a c i d .
16 m is o f 0 . 01134N.AgNO^. Back t i t r a t i o n  by  V o lh a r d 's
Method r e q u i r e d  1 .3 0  m is 0 .01061 N. ICONS.
E q u iv a le n t  t o  1 .2 2  m is AgNO^.
0i “  = (16 -  1 .2 2 )  x  35 .5  x 0 .01134 x 100^
33 .5
*  1 7 .7 6 #  (C10H16N0C1 r e q u i r e s  1 7 .6 2 # )
5 3 .2  mg o f  t h e  b lu e  compound was d i s s o l v e d  i n  5 m is 0£
f r e e  EtOH, p la c e d  i n  a s e a l e d  tu b e ,  and i r r a d i a t e d  u n t i l  
c o l o u r l e s s ,  ( ' v  260 h r s . ) .  The tu b e  was th e n  opened and 
t h e  p r o d u c t s  t r e a t e d  w i th  25 m is 0. 01134N. AgNO^ R e q u ire d  
2 .7  m is 0 .0 0 7 0 3 6N.KCNS. E q u iv a le n t  t o  1 .6 7  mis AgNO^
Gi“  „  (25 -  1 .6 7 ) ,  x 3 5 . 5 x ^ . ^ 1 3 4  x 1QOft
5 3 .2
=s 1 7 .6 6 #  (9 9 .6 #  Cl fou nd  i n  specim en)
The o v e r a l l  r e a c t i o n  a p p e a rs  t o  be
T h is  i s  a n a lo g o u s  t o  t h e  r e a c t i o n s  o f  t h e  compound from  
camphor.
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I n v e r s i o n  t o  ( -  ) - 2 ~ c h l o r o - 2 - n i t r o s o - f e n c h a n e
0 .7 5  gms ( + ) - 2 - c h l  o r  o - 2 - n i t r o s o - f  enchane  was d i s s o l v e d  
i n  30 m is a l c o h o l  and p la c e d  i n  a  g l a s s  s to p p e r e d  d e c im e te r  
c e l l .  I t  was i r r a d i a t e d  w i t h  a  m erc u ry  vapour- lam p. The 
i n v e r s i o n  was fo l lo w e d  by m e a s u r in g  th e  r o t a t i o n  f o r  Hg 
g r e e n  l i g h t  a t  i n t e r v a l s .
t ( h r s . ) t ( h r s . 5 oC t ( h r s . ) oC
0 - 7 . 0 ° 7 f 4 .9 ° 154 4 . 8 °
1 1 no • O 9 t 5 .1 ° 174 4 .6 °
2 f o . o 11 5 .1 ° 23
OCM.
4
oCO*CM 13 5 .0 ° 25 4 .1 °
5 t A >04 .3
The a l c o h o l  was t h e n  t a k e n  o f f  u n d e r  vacuum and th e  s t i c k y  
s o l i d  l e f t  d i s s o l v e d  i n  4 0 -6 0 °  p e t .  e th e r  and ch ro m atographed  
on L i g h t ' s  a lu m in a .  The s o l v e n t  was th e n  rem oved i n  a 
s t r e a m  o f  a i r  when a  b lu e  s o l i d  was o b ta in e d  0 .2 4  gms
^ 6 0 0 0  = 514 ^ m a x  = 21.75
When same was ch rom atog raph ed  tw ic e  more
£ m ax r 0 s e  t 0  24*5 *
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OPTICAL MEASUREMENTS.
R o t a t i o n s ( + ) -  2 -  c h i  o r  o - 2- ( _ ) - 2 - c h i  o r  o -2 -
n i t r o s o f e n - n i t r o s o f e n -
chane  2. 264$ c h an e  2 .104$
W av e leng th  2 R o t a t i o n 0 R o t a t i o n 0 60
5400 - 0 . 7 0 -3 0 9 0 .69 329
5600 - 0 . 8 1 -3 5 8 0 .86 410
5700 - 0 . 8 8 - 3 9 0 0.99 472
5800 - 0 .9 6 -4 2 5 1 .0 7 526
5900 - 1 .0 6 —468 1 .1 3 492
6000 - 1 . 1 0 -4 8 6 1 .0 8 514
6100 - 1 . 1 1 - 4 9 0 1 .0 0 476
6200 - 1 .0 7 -4 7 3 0.94 447
6300 - 1 .0 8 - 4 7 7 .5 1 .0 0 476
6400 - 1 .0 4 - 4 6 0 0 .95 452
6500 - 0 . 9 8 - 4 3 3 .5
- 0 .5 6 -2 6 66600 - 0 . 9 0 -398
6800 0 .1 1 50 - 2 .  24 -1067
6900 0 .7 2 318
- 1 .6 6 - 7 9 07000 1 .1 8 522
7100 1 .1 2 495
- 0 .8 2 -3 9 17200 1 .0 7 473
These r e s u l t s a re  shown on iI r a p h  6 a
A b s o rp t io n  of ( + ) Form
\
5600
5800
5900
6000
6100
6200
6300
6400
6500
e
0 .1 1 5
0 .192 5
0 .2 5 3
0 .355
0 .46
0 .57
0 .6 5
0 .7 3
0 .8 9
&
C =
X
0 .05727  M
e £
2 .0 1 66 00 1 .0 6 1 8 .5
2.36 6650 1 .1 5 2 0 .1
4 .4 2 6700 1 .1 8 20.6
6 .2 6750 1 .2 2 5 21 .85
8 .0 5 6800 1 .2 1 2 1 .2
9 .9 5 6900 1 .0 2 1 7 .8
1 1 .4 7000 0 .722 1 2 .6
1 2 .8 7100 0 .457 8 . 0
1 5 .6 7200 0. 283 4 .9 5
7300 0.1975 3 .4 5
-X
M
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C i r c u l a r D ichro ism . o f (+ ) Form
£ - £C1 cr X
6 . - E1 ^ r
6000 0 .1 5 7 6750 0 .60 4
6100 0 .1 7 5 6800 0 .604
6200 0 .227 6900 0 .54
6300 0 .2 8 0 7000 0 .4 1
6400 0 .3425 7100 0 .245
6500 0 .394 7200 0 .1 3 1
6600 0 .5 1 7300 0 .07
6650 0 .54 7400 0 .0 0
6700 0 .595
A b s o rp t io n  o f  ( - )  Form.
0 = 0 . 05568M
X e
5500 0.1075
5600 0 .149
5800 0. 220
5900 0 .299
6000 0 .4 2 2
6100 0 .557
6200 0 .635
6300 0 .708
6400 0 .81 2
6500 0 .9 7 0
6600 1 .1 5
£ X
1 .9 3 6650
2 .68 6700
3 .95 6800
5 .38 6900
7 .6 7000
1 0 .0 7100
1 1 .4 7200
12 .7 7300
1 4 .6 7400
1 7 .4 7500
20.65 7600
e £
1 .2 1 21 .75
1 .1 8 2 1 .2
1.065 1 9 .2
0.738 13 .27
0.447 8 .0 4
0 .275 4 .9 5
0 .18 3 .2 4
0 .1 1 2 2.01
0.073 1 .3 1
0.0445 0 .8
0 .0 3 0 .54
C i r c u l a r  11 c h ro ism  of ( - )  Form.
X l “ ^ r
6100 - 0 .1 5 3
6200 -0 .1 8 8 7
6300 - 0 .2 2 5
6400 - 0 .3 8
6500 - 0 .4 9 5
6600 -0 .5 5 8
6650 - 0 . 5 4
6700 - 0 .4 5
A- 1 r
6800 - 0 .2 3 4
6900 0 .0 0 0
7000 0 .171
7100 0 .1527
7200 0 .144
7300  0.162
7400 0 .09
75 00 0,066
These r e s u l t s  a r e  shown on Graphs 7 and 8.
C i r c u l a r  d i chroi sm o f  ( + ) -  a r d  ( - ) - 1 - c M o r o - ' Z - t i i t r o s o - f e n c h a n e s
0-6
o-S
0 1
7500 7000
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C i r c u l a r  d ic h r o i s m  m easu rem en ts  were made on th e  
Unicam u s i n g  an a t t a c h m e n t ,  c o n s i s t i n g  o f  a  n i c o l  p r i s m  and 
a  q u a r t e r  wave p l a t e  w hich  can  he r o t a t e d  th ro u g h  90 ° , 
r e c e n t l y  p e r f e c t e d  by U r. M i t c h e l l .
The c i r c u l a r  d ic h r o i s m  cu rv e  shows th e  p re s e n c e  of a t  
l e a s t  two com ponents , one w i th  n e g a t iv e  c i r c u l a r  d ic h r o i s m  
and t h e  o t h e r  w i t h  p o s i t i v e  c i r c u l a r  d ic h r o i s m .
rea r ran g e m en t;  d u r in g  t h e  p h o t o l y s i s .  T h is  s u b s ta n c e  would 
be e x p e c te d  t o  decompose .on t r e a t m e n t  w i th  s i l v e r  n i t r a t e .  
A c c o rd in g ly  sam ples  o f t h e  i n v e r t e d  form  were t r e a t e d  w i th  
e x c e s s  a l c o h o l i c  s i l v e r  n i t r a t e  i n  th e  hope t h a t  t h e  
p o s i t i v e  lo o p  i n  th e  c i r c u l a r  d ic h ro ism  g ra p h  would d isa p p e a r*  
Graph 9 shows t h a t  t h i s  i s  in d e e d  th e  c a s e .
I .  T r e a te d  w i th  e x c e ss  a l c o h o l i c  AgNO^, s to o d  10 m ins . 
f i l t e r e d ,  e x c e s s  AgNO^ p p td .  w i th  a l c o h o l i c  NaOH, f i l t e r e d ,  
a c i d i f i e d  w i th  a c e t i c  a c id ,  n e u t r a l i s e d  w i th  ammonia.
EtOH t a k e n  o f f  u n d e r  vacuum and r e s i d u e  ch rom atog raphed  on 
a lu m in a  ( s o l v e n t  4 0 -60 °  p e t . -  e t h e r )
3 4 .0  mg/5 m is ^ 6 5 0 0  = 0.835«
I t  was th o u g h t  t h a t  th e  p o s i t i v e  component m igh t be a
component su c h  a s form ed by Wagner
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A. 1 c r  A- h  S
6000 - 0 .2 9 5  6800  - 0 .4 7 0
6100 -  0 .29  5 69 00 0 .0 0 0
6 200 - 0 .3 5 5  7000 0 .0 6 0
6300 - 0 .4 8 6  7100 0 .125
6400 - 0 . 6 8 0  7200 0 .125
6500 - 0 .8 8 5  7300 0 .125
6600 - 0 .9 7 5  7400 0 .086
6700 - 0 . 7 7 0  7500 0 .0 3 0
I I .  As above b u t  t r e a tm e n t :  c o n t in u e d  f o r  h r .
a. 6 , - £1 r A. t - E1 T?
7200 - 0 . 0 0 0 6400 - 0 .7 1 1 5
7100 +-0.096 6350 - 0 .5 9 4 7
7000 0 .0 0 0 6300 - 0 .5 1 3 2
6950 0. 000 6250 - 0 .4 7 5 8
6900 - 0 .0 4 6 3 6200 - 0 .3 9 2 1
6850 - 0 .2 3 5 7 6150 -0 .3 5 4 6
6800 - 0 .4 8 4 6 6100 -0 .3 1 9 4
6750 - 0 .6 3 0 0 6050 - 0 .  2907
6700 - 0 .8 0 8 4 6000 - 0 .2 7 3 1
6650 - 0 .8 8 7 7 5900 - 0 .  2357
6600 -0 .9 2 0 7 5800 - 0 .1 6 7 4
6550 - 0 .9 7 8 0 5700 - 0 .0 9 4 7
6500 -0 .8 8 7 7 5600 -O .O 638
6450 - 0 .8 0 8 4 5500 -0 .0 3 7 4
Cl = 1 7 .3 9 # ClOHl 6 NOC1 r e q u i r e s  Cl = 1 7 .5 8 #
T h is  r e s u l t  e l i m i n a t e s  th e  p o s s i b i l i t y  of a Wagner 
r e a r r a n g e m e n t  s in c e  th e  compound which would be form ed by th e  
s i l v e r  n i t r a t e  t r e a tm e n t  would n o t  c o n ta in  c h l o r i n e .
Gra.ph S.
C i r c u l a r  d i ck r o \ sm  of ( - ) - 2-cWlofo-2- n i t r o s o - f e n c h & n f c  t e r  i h r s ,
'treatm ent w i th  $i(veM*ttr&t t Solut ion
5500650© 6000
>r
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IY. 2 - c h lo r o - 2 - n i t r o s o - n o r c a m p h a n e
B i s - (  2 - c M o r o - 2 - n i t r o s o - h i c y c l o -  [2 s 2s i j - h e p t a n e )
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B i s - (  2 - C h l o r o - 2 - n i t r o s o - b i c .y c l o -  [2; 2 ; l ] - h e p t a n e )
I t  was th o u g h t  t h a t  p h o t o m u t a r o t a t i o n  m igh t be a s t e r i c  
e f f e c t  due t o  t h e  m e th y l  g ro u p s  i n  cam phor. A c c o rd in g ly  i t  
was d e c id e d  t o  p r e p a r e  2 - c h l o r o - 2 - n i t r o s o - b i c y c l o -  [2; 2.°l}~ 
h e p ta n e  from  n o r  camphor and t o  examine i t s  p r o p e r t i e s .
S e v e ra l  s y n th e s e s  a re  g iv e n  i n  t h e  l i t e r a t u r e s -
cy0"^ . Or0
A ld e r  and R i c k e r t  1939 (68)
2) D i e l s  and A lder 1928 (69)
or^ or0
3) H in t ik k a  and Kommpa 1918 (70) or
* O0i£t COJ.t
The f i r s t  two o f  t h e s e  s y n th e s e s  were t r i e d .  (2 )
worked s u c c e s s f u l l y  a s  f a r  a s  th e  e n o l - a c e t a t e  b u t  I  co u ld  
n o t  i s o l a t e  any n o r  camphor. (1 )  however works much b e t t e r  
and I  was a b le  t o  p r e p a r e  s e v e r a l  grams o f  n o r  camphor w i th ­
ou t much d i f f i c u l t y .
P r e p a r a t i o n  o f  S n d o -d e h y d ro n o rb o rn y l  A c e t a t e .
C y c lo p e n ta d ie n e  was p r e p a r e d ,a s  r e q u i r e d ,b y  th e r m a l  
c r a c k in g  o f  d ic y c lo p e n ta d i e n e  a s  d e s c r ib e d  by S t o l l  ( 7 1 ) .
540 gms of d i c y c lo p e n ta d ie n e  gave a  t o t a l  o f 493 gms 
o f  c y c lo p e n ta d i e n e .
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B a tc h e s  o f  100 gms c y c lo p e n ta d ie n e  + 1 6 0  gms. v i n y l  
a c e t a t e  were h e a t e d  up i n  an  a u to c la v e  t o  180 -1 9 0 °  f o r  
10  h r s .  a s  d e s c r i b e d  by A ld e r  and R i c k e r t  ( 6 8 ) .  Y ie ld s  o f  
d e h y d ro n o r b o m y l  a c e t a t e  v a r i e d  betw een  75 and 85 gms.
L i t .  y i e l d  100 gms. bp = 73 -  1 1 ° /1 4  mm.
I t  was d e c id e d  t o  i n c r e a s e  th e  p r o p o r t i o n  o f  v i n y l  
a c e t a t e  a s  recommended by W in s te in  and T r i f a n  ( 7 2 ) .
B a tc h e s  of 150 gms c y c lo p e n ta d ie n e  + 300 gms v i n y l  
a c e t a t e  were h e a t e d  t o  175 -  185° f o r  10 h r s .
Y ie ld s  v a r i e d  be tw een  167 and 176 gms (4 8 .5  -  51$) 
L i t ,  y i e l d  45$
The. t o t a l  q u a n t i t y  o f  d e h y d ro n o rb o m y l  a c e t a t e  
p r e p a r e d  was 567 gms bp — 73 -  7 7 ° /1 4  mm. n ^  = 1 .4749
P r e p a r a t i o n  of R n d o -n o rb o rn y l  A c e ta te 0
B a tc h e s  o f  e n d o -d e h y d ro n o rb o rn y l  a c e t a t e  were 
h y d ro g e n a te d  i n  a c e t i c  a c id  s o l u t i o n  u s i n g  Adam's p la t in u m  
o x id e  c a t a l y s t  a s  d e s c r ib e d  i n  th e  l i t e r a t u r e  (68 ) and ( 7 2 ) .  
The a p p a r a tu s  u s e d  was t h a t  d e s c r ib e d  by T ucker (63)*
In  one e x p e r im e n t  69 gms o f  d e h y d ro n o rb o m y l  a c e t a t e  
was d i s s o l v e d  i n  100 m is o f  g l a c i a l  a c e t i c  a c id  and 100 mg 
of c a t a l y s t  add ed . 1 0 .8  l i t r e s  o f  hydrogen  were a b so rb ed  
(1 0 0 $ ) .  The r e s u l t i n g  m ix tu re  was th e n  f i l t e r e d ,  d i l u t e d  
w i th  w a te r ,  e x t r a c t e d  w i th  e t h e r ,  and th e  e x t r a c t  d r i e d  
ov e r  sodium  s u l p h a t e .  On d i s t i l l a t i o n  56 gmsi n o rb o rn y l
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a c e t a t e  was o b t a i n e d .
■bp a  80  -  8 4 ° A 9  m i  Y ie ld  8C$
Y ie ld s  v a r i e d  from  70-90$
From a  t o t a l  o f 400 gms d e h y d ro n o r b o m y l  a c e t a t e  
345 gms o f  n o r b o r n y l  a c e t a t e  was o b ta in e d .
bp = 72 -  7 8 ° / l 2  mm. L i t .  bp = 8 1  -  8 3 ° A 2  mm 
P r e p a r a t i o n  o f  N o rb o rn e o l0
N o rb o rn y l  a c e t a t e  was h y d ro ly s e d  by r e f l u x i n g  w i th  
e x c e s s  m e th y l  a l c o h o l i c  p o t a s h .  I t  was fo und  n e c e s s a r y  t o  
u s e  a t  l e a s t  t h r e e  t im e s  th e  t h e o r e t i c a l  amount o f p o ta s h  
and to. c o n t in u e  t h e  h y d r o l y s i s  f o r  a t  l e a s t  24 h r s .
From a t o t a l  o f  293 gms n o r b o r n y l  a c e t a t e  156 gms 
n o r b o m e o l  was o b t a i n e d .
D e r iv s .
N o rb o rn y l  3 s 5 - d i n i t r o b e n z o a t e  mp =• 118°
R e c ry s t  mp = 120° L i t  mp = 123°
N o rb o rn y l  a c i d  p h t h a l a t e  mp = 108° L i t  mp = 109-110°
N o rb o rn y l  n a p h th y l  u r e t h a n e  mp = 108-109°
R e c ry s t  mp = 110-111°
0 = 7 6 .9 1 $  H = 7 .0 5 $  N s  4 . 83$
CgHigN02 r e q u i r e s  0 =■ 76 .84$  H = 6 f 8 l$  N = 4 .9 8 $
P r e p a r a t i o n  o f  Norcam phor.
Norcamphor was o b ta in e d  a s  d e s c r ib e d  by A lde r  (6 8 ) .
10 gms n o r b o r n e o l  added to  a m ix tu re  o f 10 gms
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p o ta s s iu m  d ic h ro m a te  and 14 gms s u l p h u r i c  a c i d  i n  150 mis
w a t e r .  O x id a t io n  was c o m p le te d  a f t e r  g e n t l e  warming f o r
i  h r .  The m ix tu r e  was t h e n  made a l k a l i n e  w i th  c a u s t i c
p o t a s h  s o l u t i o n  and s team  d i s t i l l e d .  Norcamphor c r y s t a l s
s e p a r a t e d  f ro m  d i s t i l l a t e .
Y ie ld  6 gms mp -  94° L i t .  mp = 9 3 -94 °
Norcam phor sem ic a rb a zo n e  mp = 194° L i t .  mp = 196°
Norcamphor Semioxamazone mp = 171°
Norcamphor 2 : 4 - d in i t r o p h e n y lh y d r a z o n e
mp = 128° ( f ro m  MeOH)
N = 1 9 .5 $  c13H14N4°4 s q u i r e s  N = 1 9 .3 $
N.V. A b s o rp t io n  of Norca: 
c = 30 m g/10 m is e th a n o l
*  e  &
3500 0 .0 0 4  0 .15
3400 0 .007  0 .24
3300 0 .014  0 .5 1
3200 0 .0 6 0  2 .19
3100 0 .216  7 .9 2
3000 0 .443  16 .25
2980 0 .4 7 0  17 .2 5
2960 0 .497  1 8 .3 0
2940 0 .5 5 0  2 0 .2
2930 0 .5 6 1  20 .6
2920 0 .5 68  20 .8
2910 0 .5 7 2  2 1 .0
2900 0 .575  21 .1
2890 0 .5 7 6  21.15
2880 0 .5 8 2  21.35
2870 0 .5 7 5  21 .1
C = 0.0273M
X
2870 
2860 
2850 
2840 
2830 
2820 
2810 
2800 
2780 
2760 
2740 
2720 
2700 
2600 
2500 
2400 
2300 
2200
e
0 .5 7 5
0.576
0.566
0.564
0.554
0.545
0 .54 0
0.535
0 .502
0.475
0.445
0.415
0.384
0.249
0.159
0 .1 2 1
0.108
0.119
1 cm
e
2 1 . 1
2 1 . 1 5 ?
20 .75
2 0 . 7 0
20 .35  
2 0 . 0  
1 9 . 8  
1 9 . 6  
1 8 .4 0  
1 7 .4 5
16 .3 5  
15 .2 5  
1 4 .1 0
9 .1 4
5 .84
4 .4 2
3 .9 6
4 .3 6
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Nor cam phor oxime
T h is  was p r e p a r e d  fro m  n o rcam ph or and h y d rox y lam ine  
a s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  ( 7 3 ) bp = 8 0 - 9 0 ° / l i  mm.
Norcamphoroxime H y d r o c h lo r id e .
T h is  compound was p r e p a r e d  from  t h e  oxime a s  i t  was 
th o u g h t  t h a t  th e  c h l o r o n i t r o s o  compound m ig h t be more e a s i l y  
p r e p a r e d  from  i t  t h a n  from  oxime. (60 )  I t  was l a t e r  found  
t h a t  t h e  c h l o r o n i t r o s o  compound was e a s i l y  p r e p a r e d  from  th e  
oxim e.
HC1 g a s  was p a s s e d  i n t o  a s o l u t i o n  of 0 .9  gms norcam phoroxim e 
i n  d ry  e t h e r  a t  0°C.
Y ie ld  1 .1  gms mp ^  108°C
N = 8 . 63/0 Cl = 2 1 . 8 c / ,  2 2 .0 0 /  C-H^rTOCl r e q u i r e s  N = 8 . 6 7 /
Cl = 2 1 .9 4 /
P r e p a r a t i o n  of 2- c h l o r o - 2- n i t r o - n o r c a m p h a n e ,
0 .2 7  gms o f  norcam phoroxim e was suspended  i n  10  m is 
o f 15 $  c a u s t i c  p o t a s h .  The m ix tu re  was added w i th  sh a k in g  
t o  an  i c e  c o ld  m ix tu re  of 18 m is b l e a c h  (7 .3 5  gms a v a i l a b l e  
C l ^ / l 00  m is )  and 120 mis w a te r .  The m ix tu re  was l e f t  over­
n i g h t  and t h e  s o l i d  p ro d u c t  was f i l t e r e d  o f f  and washed w e l l  
w i th  w a te r .
Gave 0 .5 1  gms o f  a c a m p h o r- l ik e  s o l i d  mp * 7 3 -7 4 °
R e c r y s t .  from  d i l u t e  a lc o h o l  mp = 7 4 -7 5 °
N = 7 .4 3 ° ,  C7 H10 N02C1 r e q u i r e s  N = 7 .97 $
0 .224$  s o l u t i o n  i n  EtOH gave UV a b s o r p t io n  maximum a t  2813S
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Absorption C = 0.001277M
A e £ A. e £
3 5 0 0 0 . 0 5 1 4 . 0 0 2 7 2 5 0 . 4 2 0 3 2 . 9 5
3 2 5 0 0 . 1 0 8 8 .4 7 2 7 0 0 0 . 4 0 3 3 1 . 6 0
3 2 0 0 0 . 1 3 3 1 0 . 4 1 2 6 5 0 0 . 3 6 4 2 8 . 5 5
3 1 0 0 0 . 2 0 8 1 6 . 3 0 2 6 0 0 0 . 3 3 9 2 6 . 6 0
3 0 5 0 0 . 2 6 2 2 0 . 5 5 2 5 7 5 0 . 3 7 3 2 9 . 2 5
3 0 0 0 0 . 3 2 3 2 5 . 3 5 2 5 5 0 0 . 4 6 9 3 6 . 8 0
2 9 5 0 0 . 3 8 9 3 0 . 5 0 2 5 2 5
2 8 7  5 0 . 4 4 9 3  S- ? l f 2 5 0 0 0 . 6 0 2 4 7 . 3 0
2 8 1 2 . 5 0 . 4 6 3 3 6 . 4 0
2 8  0 0 0 . 4 6 0 3 6 . 1 0 2 4 7 5 0 . 7 8 5 6 1 . 5
2 7 7  5 0 . 4 5 3 3 5 . 6 0 2 9 3 0 0 . 4 0 8 3 2 . 1 0
2 7 5 0 0 . 4 3 7 3 4 . 3 0 2 9 0 0 0 . 4 3 3 3 4 . 0 0
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2- Chi o r  o~ 2 - n i  t r  o s o- b i  c y c l  o~ f  2 ; 2; l ]  -  h a p t  ane .
1 .5  gms norcam phoroxim e was d i s s o l v e d  i n  40 mis d ry  
e t h e r  and c o o le d  i n  i c e .  C h lo r in e  g a s  was p a s s e d  th ro u g h  
th e  s o l u t i o n  u n t i l  t h e  b lu e  s o l u t i o n  t u r n e d  an  em era ld  g re e n  
c o l o u r .  The e t h e r  was th e n  e v a p o r a te d  o f f  i n  a  s t r e a m  of 
a i r .  The s o l i d  r e m a in in g  ( ^ 1 . 3  gms) was washed th o r o u g h ly  
w i th  40° p e t .  e t h e r  t o  remove monomer.
Y ie ld  600mg o f  w h i te  d im er.
C = 52*87$ H = 5 .5 7  $ N = 8 .2 1 $  Cl = 21 .97$
Gj H^qNOCI r e q u i r e s  C =* 52 .67$  H = 6 .31$  N = 8 .7 7
Cl = 22 .21$
T h is  compound i s  a p u re  w h i te  s o l i d  (m p ^ 4 4 °C )  which 
m e l t s  t o  g iv e  a  deep b lu e  l i q u i d .  I t  i s  v e ry  v o l a t i l e .  A 
few  mg l e f t  on a w a tch  g l a s s  w i l l  d i s a p p e a r  o v e r n i g h t .  The 
v a p o u r  i s  l a c h ry m a to ry .  I t  d i s s o l v e s  i n  a l l  t h e  common 
o rg a n ic  s o l v e n t s  g i v in g  deep b lu e  s o l u t i o n s .
I n  a l c o h o l  6 _  = 22 .5  A = 6500 i  C = 0 .0 3 1  Mmax max
S in ce  t h e  s o l u t i o n s  o f t h e  compound a re  decomposed by l i g h t  
th e  compound must be p r e p a r e d  in  a subdued l i g h t .
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P u r i f i c a t i o n  o f  B i s - (  2 ~ c h lo ro -2 ~ n i t ro so ^ n o rc a m p h a n e )
—m*w • ■» «»■ i ■«.i*^w—— w t— — r -  m ' n w n a i w i  r r  i  ■*»■ n> i'—p i ■■ «m. »  w i w i w « N i
A Q u i c k f i t  f i l t e r  tu b e  was s e l e c t e d  and a s m a l l  amount
o f  t h e  c ru d e  d im er  p l a c e d  i n  i t .  The tu b e  was s e t  up f o r
s u b l i m a t i o n  a s  shown.
At a p r e s s u r e  o f  1 mm of m ercu ry  
th e  compound su b lim ed  r e a d i l y  a t  
The s u b l im a te  which was 
b lu e  a t  f i r s t  w h i te n e d  a f t e r  an
ho u r  o r  tw o. The c e n t r a l  tu b e  was
removed and t h e  p u re  d im er s c ra p e d  
o f f  i n t o  a specim en tu b e  and p la c e d  
i n  a vacuum d e s i c c a t o r  over ^ 2^5 
and p a r a f f i n  wax ( 1  h r / 2  mm).
“T
•\.r-
ty'tA.lC.
 >
puwp 40°C.
A cetone 
td n  ko id
Crude
dimer
A n a ly s is  gave C = 52 .36$  H = 6 .4 8 $  N = 8 .9 4 $  Cl = 22 .13$  
S  =r 26 .18  a t  6500 X ( i n  a l c o h o l  C = 0.01757M)iu£lX
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A b so rp tio n  S pec trum  o f  2 ~ c h lo ro - 2 - n i t r o s o ~ n o r c a m p h a n e .
14 .03  mg o f  r e s u b l im e d  d im er d i s s o l v e d  i n  5 m is e th a n o l .
C — 0.01757M
A
6500
e
0 .4 6 0
s
26.18
A
6450
e
0 .4 4 7
£
25 .44
A.
5550
P
0.078
e
4 . 4 4
7500 0 .0 2 3 1 .3 1 6400 0.425 24.19 5500 0.068 3 .87
7400 0 .027 1 .5 4 6350 0 .3 9 0 2 2 .2 0 5400 0 .06 2 3 .53
7300 0 .0 3 5 1 .9 9 6300 0.357 2 0 .3 2 52.00 0 .05 2 2 .9  6
7200 0 .0 4 7 2 .68 6250 0 .322 1 8 .3 3 5000 0.026 1 .48
7100 0 .0 6 3 3 .59 6200 0.295 16 .7 9 4800 0 .02 2 1 .2 5
7000 0 .1 0 0 5 .6 9 BC6200 0.293 16 .6 8 4600 0.024 1 .3 7
6950 0 .1 1 6 6 .6 0 6150 0. 276 1 5 .7 1 4400 0.023 1 .3 1
6900 0 .147 8 .3 7 6100 0.264 1 5 .0 3 4200 0.023 1 .3 1
6850 0 .1 7 0 9 .6 8 6050 0.245 1 3 .9 4 4000 0 .02 0 1 .1 4
6800 0 .2 1 0 1 1 .9 5 6000 0.231 13 .1 5 3800 0.028 1 .5 9
6750 0 .257 1 4 .6 3 5950 0.217 12 .35 3600 0.038 2.16
6700 0 .3 2 0 1 8 .2 1 5900 0.198 11 .2 7 HL36OO 0.038 ' 2 .16
6650 0 .3 8 2 21.74 5850 0.175 9 .9 6 3400 0.078 4 .4 4
6600 0 .4 2 0 2 3 .9 0 5800 0.156 8 .8 8 3200 0.138 7 .8 5
6550 0.439 24.99 5750 0 .132 7 .5 1 3100 0.157 8 .9 4
6525 0 .4 5 1 25 .67 5700 0 .11 0 6. 26
6500 0 .4 6 0 26.18 5650 0.103 5 .86
6475 0 .457 26 .0 1 5600 0.087 4 .9 5
These r e s u l t s a re  p l o t t e d  on Graph 10.
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